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ABSTRACT 
The ESC has published a series of guidelines on heart failure (HF) over the last 25 years, 
most recently in 2016.  Given the amount of new information that has become available since 
then, the HFA of the ESC recognized the need to review and summarise recent 
developments in a consensus document.  Here we report from the HFA workshop that was 
held in January 2019 in Frankfurt.  This expert consensus report is neither a guideline update 
nor a position statement, but rather a summary and consensus view in the form of consensus 
recommendations.  The report describes how these guidance statements are supported by 
evidence, it makes some practical comments, and it highlights new research areas and how 
progress there might change the clinical management of HF.  We have avoided re-
interpretation of information already considered in the 2016 ESC/HFA guidelines. 
Specific new recommendations have been made based on the evidence from major trials 
published since 2016, including SGLT2 inhibitors in type 2 diabetes mellitus; MitraClip for 
functional mitral regurgitation; atrial fibrillation ablation in HF; tafamidis in cardiac 
transthyretin amyloidosis; rivaroxaban in HF; ICD’s in non-ischaemic HF; and telemedicine 
for HF.  In addition, new trial evidence from smaller trials and updated meta-analyses have 
given us the chance to provide refined recommendations in selected other areas.  
Further, new trial evidence is due in many of these areas and others over the next two years, 
in time for the planned 2021 ESC guidelines on the diagnosis and treatment of acute and 
chronic heart failure.  
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INTRODUCTION/PREAMBLE 
The ESC has published a series of guidelines on heart failure (HF) over the last 25 years, 
most recently in 2016123456. The next ESC guideline is not due until 2021. Given the amount 
of new information that has become available since 2016, the HFA of the ESC recognized 
the need to review and summarise recent developments in a consensus document. The 
growing appreciation that HF is caused by a great diversity of aetiologies, with various 
phenotypes and co-morbidities that affect the response to and, therefore, the choice of 
therapy creates exciting new opportunities to improve overall and personalised care, to the 
individual patient7.  
This document is a report from the HFA workshop that was held in January 2019 in 
Frankfurt. The meeting brought together an international group of experts on HF to discuss 
and evaluate new evidence published after finalisation of the 2016 ESC Guidelines for the 
diagnosis and treatment of AHF and CHF that occurred in March 2016 prior to its publication 
in May 2016.8  There was no industry support for the meeting or any aspect of the consensus 
report, and there was no industry representation at the meeting.  This expert consensus 
report is neither a guideline update nor a position statement, but rather a summary and 
consensus view in the form of consensus recommendations (see also Supplementary Tables 
1 and 2).  The consensus report uses standard recommendation language to make our 
opinions understood in context and using comparable language, but it refrains from providing 
formal (numbered) recommendation classes or evidence levels.  In general, the process 
followed was that the leadership group reviewed the covered field and assessed any new 
evidence that had been peer-review published since 2016.  We opened this to all participants 
at the meeting and by email, and we agreed by consensus which fields were eligible for new 
statements via an iterative process to reach eventual consensus on all issues.  No voting 
was required.  The report describes how these guidance statements are supported by 
evidence, it makes some practical comments, and it highlights new research areas and how 
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progress there might change the clinical management of HF. We have avoided re-
interpretation of information already considered in the 2016 ESC/HFA guidelines.  
 
A – PHARMACOTHERAPY 
 
1.  SGLT2 inhibitors 
Consensus recommendation.  
- The 2016 Guideline indicated that empagliflozin should be considered in patients with 
T2DM “in order to prevent or delay the onset of heart failure or prolong life”8.  
- The 2019 expert consensus was that canagliflozin and dapagliflozin should also be 
considered for patients with T2DM and either established CV disease or at high CV risk in 
order to prevent or delay the onset of and hospitalisations for HF.  
- At this stage, no specific recommendations for the use of SGLT2 inhibitors in patients with 
established HF can be made. 
Supporting evidence. Empagliflozin was compared to placebo in the EMPA-REG 
OUTCOME trial in patients with T2DM and established CV disease. Patients assigned to 
empagliflozin had a 30% reduction in all-cause mortality, a 38% reduction in CV mortality, 
and a 35% reduction in HF hospitalizations9. Thereafter, similar findings were reported with 
regards to reductions in HF hospitalisations for dapagliflozin10 in the DECLARE-TIMI 58 
study and for canagliflozin11 in the CANVAS programme, that included T2DM with 
established CV disease or increased CV risk, respectively, but not for all-cause mortality (HR 
0.90 and 0.93, respectively) or CV mortality (HR 0.96 and 0.93, respectively). Of note, in 
none of these trials was the presence of HF at baseline well characterised or phenotyped, so 
that any recommendation with regard to treating established HF and T2DM will be 
necessarily cautious.  
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Most recently in the CREDENCE trial12, which enrolled patients at high risk of CV disease 
and mild to moderate CKD, canagliflozin reduced HF hospitalization by 39% (p<0.001) and 
CV death by 22% (p=0.05). All of these trials required patients to have T2DM, but fewer than 
15% had HF at baseline. Inclusion criteria and endpoints varied.  Positive results for SGLT2 
inhibitors regarding renal protection effects were also reported from the EMPA-REG 
OUTCOME trial with empagliflozin13 and the DECLARE-TIMI 58 study with canagliflozin11. 
The consensus view was that there is sufficient evidence to consider that the ability of 
SGLT2 inhibitors to prevent the hospitalisations for HF in patients with T2DM is a class 
effect. There is insufficient evidence to extend this observation to reductions in either CV or 
all-cause mortality or to patients without T2DM. Further clarification on whether the reduction 
in HF hospitalization occurs both in patients with and without pre-existing HF is required. One 
report from the CANVAS programme suggests, that the reduction in hospitalisations for HF 
was observed only for patients with pre-existing HF.14  
Subgroup analyses on the primary endpoints of the above mentioned trials have generally 
found similar relative benefit for patients with and without pre-existing HF, suggesting that the 
absolute benefit in patients with HF may be greater due to their high baseline risk. However, 
the diagnosis and phenotype of HF have generally not been well characterised. Of 10,142 
participants in the CANVAS programme, 14.4% had a history of HF and these patients 
experienced a greater reduction of CV death or HF hospitalization (HR 0.61, 95% CI 0.46-
0.80) compared to those without a history of HF at baseline (HR, 0.87; 95% CI, 0.72-1.06).15. 
Similar data were reported from the EMPA-REG Outcome trial where 706 patients (10.1%) 
were reported to have HF at baseline. But as in CANVAS, LVEF, NYHA class or levels of 
natriuretic peptides are not known16. In a post-hoc analysis of DECLARE-TIMI 58, benefits 
were greater in patients who were classified as HFrEF compared to patients classified as 
HFpEF, but measurement of LVEF was missing in 25% of patients.17 
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Clinical trials in HF patients with and without T2DM and with HFrEF or HFpEF are ongoing 
(Table 3). These trials have recruited thousands of patients and have not yet been stopped 
for benefit or harm by their data-monitoring committees.  
Practical comments. SGLT2 inhibitors are already used for the management of T2DM. After 
initiating an SGLT2 inhibitor, on average, eGFR will deteriorate by 3-5 mL/min, but the long-
term rate of decline in eGFR is slowed13. These observations await confirmation in the setting 
of HF.  
SGLT2 inhibitors may interact with the effects of loop diuretic agents. Adjustment of the 
doses of diuretic agents and/or SGLT2 inhibitors may be required. Temporary withdrawal of 
SGLT2 inhibitors and diuretics and administration of fluids and sodium may be necessary for 
patients with clinical hypovolaemia or ketoacidosis.  Genital infection in the context of 
treatment with SGLT2 inhibitors can be prevented by better hygiene, and patients should be 
made aware of the risk of this complication. 
Directions for future development. In T2DM, new onset HF is common and is associated 
with a high mortality. Further subgroup analyses of existing trials should be conducted to 
confirm that SGLT2 inhibitors do indeed prevent new-onset of HF for patients who did not 
have HF at baseline. The results of clinical trials of patients with prevalent and well defined 
HFrEF and HFpEF (with and without T2DM being present at baseline) are awaited before 
recommending these agents for the management of HF itself, rather than only for the 
treatment of T2DM (Table 1).  
 
2.  Canakinumab 
Consensus recommendation. Evidence is not sufficient to provide a recommendation for 
its use in patients with HF. 
This article is protected by copyright. All rights reserved.
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Supporting evidence. The CANTOS trial18 randomized 10,061 patients with prior 
myocardial infarction and elevated C-reactive protein to canakinumab or placebo. During a 
median follow-up of 3.7 years, 385 patients were hospitalized due to HF. Canakinumab use 
was associated with a dose-dependent reduction of hospitalization for HF and of the 
composite of hospitalization for HF or HF related mortality. A similar effect was observed in a 
subgroup of 2,173 patients (21.6%) with HF18,19. The consensus group considers the results 
on HF as hypothesis generating.  
Practical comments. In CANTOS, canakinumab was given as a subcutaneous injection 
ensuring high adherence. The substantial annual cost and lack of major benefit limit its use.  
Directions for future development. The FDA denied regulatory approval for canakinumab 
for patients with coronary artery disease20. A new potential therapeutic area is lung and 
potentially other forms of cancer21. Relevant trials are ongoing. 
 
3.  Sacubitril/Valsartan 
Consensus recommendation.  
- Sacubitril/valsartan is recommended as a replacement for ACE-I/ARBs to reduce the risk 
of HF hospitalization and death in ambulatory patients with HFrEF who remain symptomatic 
despite optimal medical treatment with an ACE-I, a beta-blocker and a MRA.  
- Initiation of sacubitril/valsartan rather than an ACE-I or an ARB may be considered for 
patients hospitalised with new-onset HF or decompensated CHF to reduce the short-term 
risk of adverse events and to simplify management (by avoiding the need to titrate ACE-I first 
and then switch to sacubitril/valsartan). Because these patients are already at high risk of 
events, there is no need to check plasma concentrations of natriuretic peptides prior to 
initiating sacubitril/valsartan. As indicated in the 2016 HF guidelines8, ambulatory patients 
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with HFrEF should have an elevated plasma concentration of natriuretic peptides indicating 
increased risk and the need for more effective therapy. 
Supporting evidence. In secondary analyses of PARADIGM-HF, sacubitril/valsartan has 
been shown to improve survival in a broad range of patients who fulfilled the trial’s 
inclusion/exclusion criteria, including those aged 75 years and over, and/or with co-
morbidities such as T2DM.22,23,24 Compared with enalapril, administration of 
sacubitril/valsartan reduced the incidence of diabetes requiring insulin treatment25, and the 
incidence of hyperkalaemia in those on an MRA26.  The rate of decline in eGFR was also 
found lower with sacubitril/valsartan27, but this is not yet supported by “slope of decline” 
analyses.  Hypotension occurs more commonly with sacubitril/valsartan than with enalapril. 
However, patients who develop hypotension still appear to benefit from sacubitril/valsartan28. 
In the PIONEER-HF trial, patients with HFrEF hospitalized for new-onset (about one third) or 
worsening CHF (about two thirds) were stabilized and then randomly assigned to receive 
either sacubitril/valsartan or enalapril; the reduction in NT-proBNP was greater in those 
assigned to sacubitril/valsartan group at weeks 4 and 8 (the primary endpoint of this 
biomarker study)29. The rates of worsening renal function, hyperkalaemia, symptomatic 
hypotension and angioedema were similar in the two groups29 but there were fewer HF 
related adverse events in patients assigned to sacubitril/valsartan.  
In the open-label TRANSITION trial30, more than 1,000 patients with HFrEF hospitalized for 
worsening HF were randomized to start sacubitril/valsartan either before (initiated ≥24 h after 
haemodynamic stabilization) or after discharge (initiated within 14 days after discharge). 
Safety outcomes were similar for each strategy, indicating no disadvantage to early initiation, 
which may simplify management from both a clinician and patient perspective. A meaningful 
proportion of patients, 53% in PIONEER-HF and 24% in TRANSITION, respectively, were 
ACE-I/ARB naïve prior to sacubitril/valsartan initiation suggesting that the drug has similar 
efficacy and safety in these patients. 
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Practical comments. Sacubitril/valsartan is safe and effective in a broad spectrum of 
patients with HFrEF.22,31,32,33,34,35 36, Its safety is similar in ACE-I/ARB naïve patients and thus 
its initiation may be considered also in these patients. In PIONEER29, the incidence of 
hyperkalaemia (≥5.5 mmol/L) was similar for those assigned enalapril (9.3%) or 
sacubitril/valsartan (11.6%). Amongst patients receiving MRA in the PARADIGM-HF trial, 
sacubitril/valsartan reduced the risk of severe hyperkalaemia (>6.0mmol/L) as compared with 
enalapril (3.1 vs 2.2 per 100 patient-years; HR, 1.37; P = .02)37. Sacubitril/valsartan may slow 
the rate of decline in eGFR and, in patients with T2DM, improve glycaemic control38.  
PIONEER-HF required patients to have and NT-proBNP >1,600pg/mL (BNP >400pg/mL). 
However, if the diagnosis of HF is certain and the patients has severe enough 
decompensation to require hospital admission, plasma concentrations of natriuretic peptides 
will usually be elevated and therefore their measurement might not be necessary. This is a 
very different situation from patients with ambulatory CHF and mild symptoms, in whom the 
benefit of sacubitril/valsartan is uncertain, if plasma concentrations of natriuretic peptides are 
not elevated39.  
Directions for future development. The PIONEER trial provides limited evidence that it is 
safe to initiate sacubitril/valsartan in ACE-I naïve patients; more evidence would be very 
welcome. Further results from an extensive trial programme including HFpEF (PARAGON-
HF, NCT01920711) and patients with left ventricular dysfunction after myocardial infarction 
(PARADISE-MI, NCT02924727) may further extend the indications for sacubitril/valsartan. It 
would also be of interest to understand whether the use of potassium binders can reduce 
hyperkalemia and enable more patients to tolerate sacubitril/valsartan at all, or at a higher 
dose. 
 
4.  Potassium binders 
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Consensus recommendation.  
- Patiromer and ZS-9 may be considered in patients with HF with or without CKD to 
manage hyperkalaemia. In selected patients these therapies may enable use of MRAs and 
other RAASi’s in more patients and at higher doses, but it is not known whether this will 
improve patient outcomes. 
- Patiromer and ZS-9 may be considered in selected patients with HF with or without CKD 
in order to enable up-titration of MRA while avoiding hyperkalaemia. 
Supporting evidence.  Hyperkalemia is an important reason for under-use of life-saving 
therapy with RAASi’s in HF, and it is particularly frequent in patients with more advanced 
kidney disease and T2DM.40 Besides PEARL-HF41, a phase-2 trial published in 2011, new 
evidence is available from trials of patients with CKD and hypertension that also included 
subgroups of HF patients. The subgroup analysis of the AMETHYST-DN trial42 included 105 
HF patients on RAASi. Per protocol, RAASi dose could not be down-titrated but patiromer 
could be up-titrated using a study-defined dosing algorithm. Patiromer was effective in 
maintaining normokalaemia and was well tolerated over 52 weeks of intervention. Findings 
were similar in groups with mild (K 5.0-5.5 mmol/L; all received spironolactone up to 50mg on 
top of RAASi) and moderate (K 5.5-6.0 mmol/L) hyperkalaemia at baseline. The ability of 
patiromer to enable spironolactone initiation and uptitration in patients with HF and CKD was 
studied in 63 normokalaemic (K 4.3-5.1 mmol/L) patients in an open label design43. Patients 
were up-titrated to spironolactone 50mg od and the patiromer dose was adjusted to maintain 
potassium within the range 3.5 – 5.5 mmmol/L which at week 8 was achieved in 90% of 
patients. Both studies followed potassium and renal function regularly and demonstrated that 
patiromer had a good safety profile. No new evidence is available for ZS-9 in the field of HF. 
Practical comments. Patiromer and ZS-9 are approved for clinical use in many European 
countries and the USA, but in others regulatory approval for local use is incomplete, and 
hence these drugs are not available everywhere.  
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Directions for future development. Subgroup results for HF patients enrolled in the 
AMBER trial are not yet available. A smaller trial of ZS-9 in HF patients to enable RAASi 
therapy (n=280) has been initiated (PRIORITIZE HF, NCT03532009). A substantial clinical 
trial of patiromer (n >2,000) is underway investigating its effects on morbidity and mortality 
(DIAMOND, NCT03888066).  
 
5.  Treatment of congestion using diuretics  
Consensus recommendation. Evidence is not sufficient to provide new practical 
recommendations for the use of diuretics. 
Supporting evidence. No new evidence was published since 2016 for diuretic therapy. The 
ADVOR trial with acetazolamide is ongoing44.  
Practical comments. With no strong evidence at hand, most of the volume management 
recommendations are consensus based and must focus on individual patients in whom 
tailored therapy is necessary. An HFA position statement with emphasis on clinical 
management was recently published45.  
Directions for future development. There are several trials ongoing, including ADVOR 
(testing acetazolamide – NCT03505788), TRANSFORM-HF (testing torsemide vs 
Furosemide – NCT03296813), EMPA-RESPONSE-AHF (testing empagliflozin in AHF – 
NCT03200860), and a trial of metolazone vs chlorothiazide (NCT03574857). The 
development of user-friendly systems to deliver subcutaneous furosemide will require 
evaluation in clinical trials.4647 
 
6.  Pharmacotherapy in heart failure with mid-range ejection fraction 
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No prospective trial has been conducted in patients with HFmrEF to date. All analyses and 
related recommendations are based on post hoc analyses from HFrEF and/or HFpEF trials, 
with inclusion criteria that included patients now classified as HFmrEF. 
 
6.1. Beta-blockers for HFmrEF 
Consensus recommendation. A beta-blocker may be considered for ambulatory patients 
with symptomatic HFmrEF in sinus rhythm in order to reduce the risk of all-cause and 
cardiovascular death. 
Supporting evidence. Under the auspices of the Beta-blockers in Heart Failure 
Collaborative Group (BBmeta-HF), individual patient data (IPD) from 11 major HF clinical 
trials, comparing beta-blockers and placebo, were pooled and meta-analysed48. In a 
subgroup of 575 patients with LVEF between 40-49% in sinus rhythm (ischaemic aetiology – 
91%, NYHA class III-IV – 24%, ACE-I/ARB - 91%, MRA - 6%, diuretics - 65%), beta-blockers 
reduced the risk of all-cause and cardiovascular death (primary outcomes for this analysis). 
The absolute reduction in cardiovascular mortality in this subgroup was 4.7% (NNT to 
prevent one CV death = 21 during a median follow-up of 1.3 years)48. Beta-blockers did not 
modify the risk of either the first CV hospitalization or the composite of CV death and CV 
hospitalization (time to first event) in patients with HFmrEF in sinus rhythm. Beta-blockers 
had no effect on either primary or secondary clinical outcomes in patients with HFmrEF and 
atrial fibrillation48. 
Directions for future development. These findings should be interpreted with caution, as 
this was a post-hoc analysis. Specific trials in HFmrEF (possibly studied together with HFpEF 
patients) would be of interest. 
 
6.2. Candesartan for HFmrEF 
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Consensus recommendation. Candesartan may be considered for ambulatory patients 
with symptomatic HFmrEF in order to reduce the risk of HF hospitalisation and CV death. 
Supporting evidence. The post-hoc analysis of the pooled data from the CHARM 
Programme compared the impact of candesartan on clinical outcomes in patients with HF 
across the whole spectrum of LVEF49. In a subgroup of 1,322 patients with an LVEF between 
40-49% (ischaemic aetiology – 67%, NYHA class III-IV – 42%, ACE-I - 27%, beta-blocker – 
58%, MRA - 11%, diuretics - 74%), candesartan reduced the risk of cardiovascular death and 
HF hospitalization (primary outcome for this analysis), the risk of first HF hospitalization and 
the risk of recurrent HF hospitalizations49. Candesartan did not modify the risk of either all-
cause or cardiovascular death. 
Directions for future development. These findings should be interpreted with caution, as 
this was a post-hoc analysis. However, there was no statistical interaction between LVEF 
phenotype and candesartan treatment49. Specific trials in HFmrEF (possibly studied together 
with HFpEF patients) would be of interest. 
 
6.3. Spironolactone for HFmrEF 
Consensus recommendation. Spironolactone may be considered for ambulatory patients 
with symptomatic HFmrEF without contra-indications in order to reduce the risk of 
cardiovascular death and HF hospitalisation. 
Supporting evidence. A post hoc analysis of the TOPCAT trial (spironolactone in HF with 
LVEF≥45%) suggested that in a subgroup of patients with LVEF between 44–49% (n=520), 
spironolactone reduced the risk of primary endpoint (defined as cardiovascular death, HF 
hospitalization, or resuscitated sudden death), which was mostly due to a reduction in 
cardiovascular mortality with spironolactone and most clearly observed in patients enrolled in 
North and South America50.  
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Directions for future development. The evidence is based on a post-hoc analysis, in a 
small subgroup of patients classified as HFmrEF based on measurements of LVEF made by 
investigators, which will suffer from substantial measurement variability and error, in a clinical 
trial which overall was neutral. These results do, however, provide the rationale and basis for 
the design of future trials in patients with HFmrEF50, including SPIRIT-HF (EudraCT 2017-
000697-11) and SPIRRIT (NCT02901184). Given its well-proven anti-hypertensive effect, 
spironolactone may be especially useful in patients with poorly controlled hypertension.  
 
6.4.  Intravenous iron for HFmrEF 
Consensus recommendation. Evidence is insufficient to provide new practical 
recommendations. 
Supporting evidence. ID is common in patients with and without anaemia with HFrEF, 
HFmrEF and HFpEF, and is associated with worse symptoms, quality of life and clinical 
outcomes of patients with HF across the whole spectrum of LVEF51,52. Epidemiological 
evidence emphasises the need for screening for ID in patients with HF, regardless of LVEF, 
if the blood haemoglobin is <14g/dL. 
Clinical trials investigating the effects of intravenous ferric carboxymaltose in ambulatory, 
patients with symptomatic HF, LVEF ≤45% and ID (FAIR-HF, CONFIRM-HF and EFFECT-
HF) included approximately 150 patients with LVEF between 40-45% (HFmrEF).53,54,55 
Subgroup analysis by LVEF categories has not been published. 
Practical comments. All symptomatic patients with HF should have tests done for ID, if 
haemoglobin is <14g/dL.  
Directions for future development. Given the high prevalence of ID and its association with 
an unfavourable outcome in patients with HF regardless of LVEF, more clinical trial evidence 
for IV iron supplementation is awaited for HFrEF (IRONMAN – NCT02642562, AFFIRM-AHF 
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– NCT02937454, FAIR-HF2 – NCT03036462, HEART-FID – NCT03037931) and HFpEF 
(FAIR-HFpEF – NCT03074591). Uncertainties also exist about the safety and efficacy of 
long-term IV supplementation, although a recent trial in patients with CKD (PIVOTAL, 
EudraCT: 2013-002267-25) does not suggest any serious issues56. The key trials, so far, 
have been conducted with ferric carboxymaltose. Whether other iron preparations are 
similarly effective and safe should be established. Controversy also exists about which test is 
best for the diagnosis of ID, and whether more than one biomarker measure is required. In 
addition, more mechanistic studies like Ferric-HF II (EudraCT: 2012-005592-13)57 are 
needed. 
 
 
7.  Tafamidis in cardiac transthyretin amyloidosis 
Consensus recommendation.  
- Older patients with symptomatic HF, particularly those with HFpEF (who are not 
hypertensive) or those who have features of hypertrophic or restrictive cardiomyopathy or, 
degenerative aortic stenosis and end-diastolic interventricular septal wall thickness 
exceeding 12 mm, should be considered for screening for cardiac transthyretin 
amyloidosis (ATTR).  
- Tafamidis should be considered in patients with symptomatic HF due to confirmed 
transthyretin amyloidosis (both ATTRm and ATTRwt) in order to improve exercise capacity 
and quality of life, and to reduce CV hospitalisations and mortality. This recommendation is 
limited to patients who fulfil the inclusion and exclusion criteria of the ATTR-ACT trial58 (Table 
2). These include confirmation of the presence of amyloid deposits on analysis of biopsy 
specimens obtained from the heart or other tissues (e.g., fat aspirate, gastrointestinal 
mucosa sites, salivary glands, or bone marrow). 
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Special note: the cost of tafamadis is currently extremely high, therefore many patients and 
health services may currently not be able to pay for it.  
Supporting evidence. Amyloidosis includes a variety of pathologies caused by the 
extracellular accumulation of amyloid fibrils, leading to a progressive damage of the involved 
organ. When it affects the heart, it may cause HF which is often resistant to treatment and 
associated with a high mortality5960. Systemic immunoglobulin light-chain amyloidosis (AL) is 
caused by plasma cell dyscrasias that may (myeloma) or may not (monoclonal gammopathy 
of uncertain significance) be malignant. This accounts for about 80% of contemporary cases 
of cardiac amyloid and is rapidly lethal if the underlying cause cannot be reversed. 
Transthyretin amyloidosis accounts for 15-25% of all cardiac amyloidosis and has a better 
prognosis, on average, than AL amyloid. Transthyretin amyloidosis has two forms: an 
autosomal dominant inherited disease (ATTRm) and wild-type transthyretin (ATTRwt) which 
occurs sporadically. ATTR affects 20-30% of people aged >80 years and is more common in 
patients with HFpEF and/or degenerative aortic stenosis59,60,61,62,63. Novel SPECT cardiac 
imaging with bone-avid tracers (99mTc pyrophosphate (PYP), 3,3-diphosphono1,2-
propanedicarboxylic acid (DPD), and hydroxymethylene diphosphonate (HMDP)) help 
identify cases with high specificity, non-invasively64, obviating the need for endomyocardial 
biopsy.  Similarly, the myocardial radiotracer uptake during bone scintigraphy could be used 
in clinical practice, as this was >99% specific and 86% sensitive to detect cardiac ATTR 
amyloid. 65 
Tafamidis prevents transthyretin tetramer dissociation and amyloidogenesis.  In the ATTR-
ACT trial, 441 patients with transthyretin amyloid cardiomyopathy and symptoms of HF 
received, in a 2:1:2 ratio, 80 mg of tafamidis, 20 mg of tafamidis, or placebo for 30 months. 
Transthyretin amyloid cardiomyopathy (ATTRwt or ATTRm) was confirmed by the presence 
of amyloid deposits on tissue biopsies and, in patients without ATTRm, by the presence of 
transthyretin precursor protein confirmed on immunohistochemical analysis, scintigraphy, or 
mass spectrometry58. Tafamidis reduced the risk of the combined primary end-point (all-
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cause death and cardiovascular-related hospitalization), independently reducing all-cause 
mortality and the rate of cardiovascular-related hospitalizations. Tafamidis also slowed the 
rate of decline in both the 6-minute walk distance and quality of life.59 
Practical comments. The high prevalence of undiagnosed transthyretin amyloidosis in older 
patients with HF, particularly those with HFpEF with or without aortic stenosis, should be 
recognised. Non-invasive, nuclear imaging simplifies diagnosis, and may in the future serve 
as preferred screening and diagnostic tool. The major obstacle for widespread 
implementation of this therapy is the very high cost of therapy.  
Directions for future development. Novel selective transthyretin stabilizers (e.g. AG10) and 
TTR gene silencers are at different stages of development66. We fully support efforts to 
reduce the high cost of this therapy.  
 
8.  Rivaroxaban in heart failure 
Consensus recommendation.   
- For ambulatory patients with CAD and CHF in NYHA class I/II with an LVEF greater than 
30%, addition of rivaroxaban 2.5mg bd to background treatment with aspirin may be 
considered in order to reduce the risk of stroke and CV death.  
- For CHF patients with a recent HF hospitalisation or persistent NYHA Class III/IV, initiation 
of treatment with rivaroxaban cannot be recommended, as there is no demonstrable 
benefit.  
Supporting evidence. The COMMANDER-HF trial enrolled 5,022 patients with chronic 
HFrEF, CAD, a recent HF hospitalisation and no AF67 and randomised them to rivaroxaban 
2.5 mg bid, added to background antiplatelet therapy; mostly aspirin but including a 
substantial proportion on dual-antiplatelet therapy. The mean follow-up was 21 months. The 
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study was neutral on its primary endpoint of all-cause death, stroke or acute myocardial 
infarction. Rivaroxaban did not reduce HF hospitalization but did reduce the rate of stroke 
from 3.0% to 2.0% (HR 0.66 (0.47–0.95). A post-hoc analysis investigating the effect on a 
broad definition of vascular events (predominantly myocardial infarction, stroke and sudden 
death)68, demonstrated a significant reduction although rivaroxaban had no effect on HF 
related hospitalisations or HF deaths. There was an increase in major bleeding (from 2.0% to 
3.3%; HR 1.68 (1.18–2.39). The difference was driven mainly by the number of participants 
with a fall in haemoglobin of >2.0g/dL, with a neutral effect on bleeding requiring 
hospitalization or resulting in death. 
The COMPASS trial enrolled 27,395 patients, of whom 5,902 had HF (predominantly with 
LVEF ≥40%; n=4,250) and randomly assigned them (double-blind) to aspirin 100mg/day, 
rivaroxaban 2.5mg bd plus aspirin 100mg/day or rivaroxaban 5mg bd.69  Patients with NYHA 
class III/IV HF or a LVEF <30% were excluded. Mean follow-up was 23 months. Overall, 
compared to aspirin alone, the combination reduced stroke (from 1.6% to 0.9%; HR 0.58 
(0.44–0.76) and all-cause mortality (from 4.1% to 3.4%; HR 0.82 (0.71–0.96), but not 
myocardial infarction (from 2.2% to 1.9%) or HF hospitalisation (from 2.1% to 2.2%). Major 
bleeding events were higher on the combination (1.9% versus 3.1%; HR 1.70 [1.40–2.05]), 
although rarely fatal (10 versus 15 events). Rivaroxaban was neither superior to aspirin alone 
nor inferior to the combination. The combination exerted similar relative effects for patients 
with and without HF but the absolute gain was greater for patients with HF. For patients with 
HF, the combination reduced all-cause mortality from 6.5% to 4.4% (HR: 0.66 (0.50-0.86)). 
Benefit was clearest amongst patients with HFpEF/HFmrEF although, statistical tests could 
not confirm heterogeneity according to LV phenotype. The effect of rivaroxaban 5mg bd 
compared to aspirin 100mg/day on all-cause mortality approached significance (HR 0.80 
(0.61-1.03). Amongst patients with HF, major bleeding events were higher on the 
combination (2.5%) compared to aspirin alone (1.8%; HR 1.36 (0.88-2.09)); although the risk 
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appeared somewhat less than for patients without HF (3.3 vs 1.9%, HR 1.79, 95% CI 1.45-
2.21), tests for statistical heterogeneity were not significant.  
For CHF patients with a recent HF hospitalisation or persistent NYHA Class III/IV, based on 
COMMANDER-HF, initiation of treatment with rivaroxaban cannot be recommended, 
However, stopping of pre-existing therapy with rivaroxaban in such patients cannot be 
recommended, as there is no related evidence. 
Practical comments. A large proportion of patients with advanced HF have non-valvular 
atrial fibrillation. Relevant ESC guidelines indicate that these patients should receive a 
DOAC. Rivaroxaban 2.5mg bd is not considered to be an effective dose for the prevention of 
thrombo-embolic events in patients with atrial fibrillation.  
In summary, it appears that for patients with CAD rivaroxaban 2.5mg bd in addition to low-
dose aspirin reduces the risk of vascular events in patients without HF and with mild HF. 
However, for patients with advanced HF, myocardial dysfunction and congestion rather than 
vascular events determine outcome. 
Directions for future development. These trials provide insights into the contribution of 
vascular events to the outcome of patients at various points across a broad spectrum of HF. 
The benefit and safety of aspirin in patients with HF remains in doubt, which should be 
addressed by further clinical trials. The strong trend for a reduction in mortality with 
rivaroxaban alone compared to aspirin alone (and its non-inferiority to combination therapy) 
should be investigated further. 
 
9.  Fixed dose drug combinations in heart failure 
Consensus recommendation. Evidence is insufficient to provide new practical 
recommendations. 
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Supporting evidence. The incremental use of combinations of disease-modifying therapies 
has resulted in the progressive improvement in clinical outcomes for patients with HFrEF8,70  
In a network analysis, the most effective combinations for HFrEF were i) sacubitril/valsartan 
+ beta-blocker + MRA, and ii) ACE-I + beta-blocker + MRA  +  ivabradine, leading to 
reductions in all-cause mortality (versus placebo) of 62% and 59%, respectively, and in all-
cause hospitalizations of 42% for each combination.71 The administration of fixed-dose 
combinations improves compliance, blood pressure control and clinical outcomes in patients 
with hypertension but this has not yet been demonstrated for HF. 71 
Directions for future development. Many guideline-recommended medications remain 
underutilized in community practice and many fail to reach target doses. Simplifying 
medication regimens and reducing total pill intake may be welcomed by patients and health 
professionals and improve adherence. Prospective trials investigating the effects of fixed-
dose combinations should be encouraged. 
 
10.  Approaches to improving guideline adherence for drug therapy in HF 
Consensus recommendation.  Evidence is insufficient to provide new practical 
recommendations.  
Supporting evidence.  The 2016 ESC guidelines8 state that implementation of 
multidisciplinary strategies in order to improve adherence to guideline-recommended 
medicines is recommended for patients with HFrEF in order to reduce the risk of HF 
hospitalisation and cardiovascular and all-cause mortality. The ESC guidelines provide a 
framework to deliver evidence-based multidisciplinary care that translates into the better 
quality of life and improved clinical outcomes in patients with HFrEF. However, adherence to 
guideline-recommendation remains suboptimal for many reasons, including provider and 
patient education, lack of sufficient resources to advise patients, some patients’ reluctance to 
take more medication, side-effects and cost. A substantial group of patients with HF do not 
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receive appropriate pharmacotherapy with adequate doses, and receives intracardiac 
devices without prior optimization of pharmacotherapy. 
In QUALIFY, an international, prospective, observational, longitudinal survey, amongst 6,669 
outpatients with HFrEF after recent HF hospitalization, good adherence for treatment with 
ACE-I, ARB, beta-blocker, MRA and ivabradine, with a prescription of at least 50% of 
recommended doses (which, however, is still less than what is achieved in many trials), was 
associated with a better clinical outcomes during 6-month follow-up (e.g. reduced mortality)72. 
Similarly, in the BIOSTAT-CHF study, which was specifically designed to study up-titration of 
ACE-I/ARB and/or beta-blocker and enrolled 2,516 patients with worsening HF, those treated 
with less than 50% of recommended doses had a greater risk of death and/or HF 
hospitalization73. 
Directions for future development. There is a need to develop more practical strategies to 
improve adherence to guidelines. They should be based on multidisciplinary models, 
involving HF teams, structured referral schemes, telemedicine (using home-based 
methodology or also implantable pulmonary artery pressure and left atrial pressure 
monitoring systems, synchronized education of patients and health care providers, care 
standardization, quality control and audit. The development of centres of excellence, such as 
those recently described for the treatment of advanced HF74 may contribute to this goal. 
 
B –  DEVICE BASED THERAPIES 
 
11.  Implantable cardioverter-defibrillators  
Consensus recommendation.   
- The consensus group did not identify any new evidence to alter the 2016 guideline 
recommendations8 on ICD implantation in patients with HFrEF and CAD.  
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- The consensus view was that one may consider not to implant an ICD in patients with 
non-ischaemic HFrEF who i) are aged >70 years, or ii) have advanced symptoms (NYHA 
III/IV), or iii) have life-shortening co-morbidity (e.g. severe lung disease or Stage IV CKD) 
and hence are likely to die for reasons other than sudden arrhythmic death.  
Supporting evidence. A randomised trial of patients with non-ischaemic symptomatic HF 
and an LVEF ≤35% (DANISH) did not show that implanting an ICD for primary prevention 
reduced overall mortality despite a reduction in sudden deaths75. Many patients had a broad 
QRS and were randomised to receive CRT-P or CRT-D (58% of participants) but, similar to 
the main trial, no difference in mortality was observed in this subgroup. For patients aged 
<59 years, implantation of an ICD almost halved mortality but for those aged 59-67 years 
mortality was reduced by only 25% and for those aged 68 years or older, there was a 19% 
excess mortality. ICDs probably reduce SCD throughout the age-spectrum but fail to reduce 
all-cause mortality in older patients due to high rates of death due to worsening HF and non-
cardiac co-morbidities. Patients with an NT-proBNP above about 1,000pg/mL did not benefit 
from an ICD. Pharmacological therapy should be optimized before a decision is made to 
implant an ICD. The risk of deferring ICD implantation by a few months in order to optimise 
therapy is low.  
The benefit of the ICD is determined by the risk of sudden cardiac death over the risk of non-
sudden cardiac death incorporating the high co-morbidity burden in HF patients. The rate of 
SAD appears to be declining, possibly due to improvements in pharmacological care76, which 
might reduce the absolute effect of ICDs on mortality. For patients with a LVEF ≤35% who do 
not have CAD, the most recent trial reported an annual risk of SAD of about 1% in patients 
who were assigned not to receive an ICD.  
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Practical comments.  For younger patients (e.g. <70 years), implantation of an ICD is 
recommended provided the patient is considered unlikely to die of a cause other than SAD in 
the following 5 years (predicted reduction in mortality over 5 years of up to 5%). 
Directions for future development. More trials comparing CRT-P and CRT-D are required, 
such as RESET-CRT (NCT03494933). The VEST trial (Vest Prevention of Early Sudden 
Death)77 showed a reduction in mortality although not SAD in patients with an acute 
myocardial infarction and an LVEF <35%. Trials for patients with HF may be warranted 
although, given the generally low annual risk of SAD, this intervention may only be useful for 
some highly selected patient groups.  
 
12.  Atrial fibrillation ablation 
Consensus recommendation.   
- Pulmonary vein ablation of patients with HF and symptomatic paroxysmal atrial fibrillation 
may be considered, if paroxysms cause troublesome symptoms despite implementation of 
guideline-recommended pharmacological and device therapy.  
- Atrio-ventricular node ablation, usually with bi-ventricular rather than right ventricular 
pacing, may be considered if paroxysms provoke severe symptoms and pulmonary vein 
ablation has failed or is not possible. 
- Pulmonary vein ablation for persistent atrial fibrillation may be considered for patients with 
HFrEF who have an implanted device (to prevent bradycardia; ICD, CRT or PPM) if 
achieving and maintaining sinus rhythm is considered likely, especially if the onset of AF was 
associated with a deterioration in symptoms of HF or the patient has (or is a candidate for) 
CRT. Pulmonary vein ablation is less likely to be successful in patients with long-standing AF 
and severe right and or left atrial dilatation. 
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- Atrio-ventricular node ablation is not recommended in patients with CRT and AF with 
controlled heart rate due to a lack of evidence of clinical benefit that ablation is superior to 
pharmacological rate control. 
Supporting Evidence.  The debate on whether rate or rhythm control is the better strategy 
for managing atrial fibrillation (AF) complicating HF continues. Anti-coagulants should be 
continued even if sinus rhythm is restored because the risk of recurrent AF is high. An 
optimal rate-control strategy must avoid excessive heart rate reduction as well as toxic anti-
arrhythmic agents, potentially including higher doses of amiodarone or plasma 
concentrations of digoxin. A modest dose of beta-blocker may be the safest option for rate-
control in patients with AF, even if beta-blockers do not appear to improve outcome when 
titrated to conventional target doses78. A rate control strategy for persistent AF avoids the 
need for procedures and potentially toxic drugs and the problems that relapse into AF can 
cause. For those with symptomatic paroxysmal AF and HF there is a stronger rationale for a 
rhythm control strategy.  
There is no substantial trial investigating PV or AV node ablation for paroxysmal AF in 
patients with HF. However, where there is a clear association between paroxysmal AF and 
marked worsening of symptoms which persist despite guideline-recommended therapy, then 
PV ablation or, if that fails, AVN ablation should be considered,  
Patients (n=3,103) with HF and persistent AF were evaluated for inclusion in the CASTLE-AF 
trial comparing pharmacological rate or rhythm control with pulmonary vein ablation in 
patients with HFrEF (LVEF <35%) and an ICD or CRT-D device (to prevent post-ablation 
bradycardia)79. Finally, only 363 patients were randomised (about 50 patients per year) of 
whom only 317 received their assigned strategy. PV ablation often failed, with a residual 
burden of AF of about 25%. Neither patients nor investigators were blind to assigned 
management strategy and 33 patients were lost to follow-up. A reduction in the primary 
composite endpoint of death from any cause or hospitalization for worsening HF was 
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reported for the intervention arm patients (28% vs 45%, hazard ratio 0.62, 95% confidence 
interval 0.43 – 0.87). The effect was consistent over primary endpoint composites (Hazard 
ratio of 0.53 and 0.56, respectively, p0.01 for both). After 3-years of follow-up, at which time 
there were fewer than 100 patients in each group, a difference in mortality appeared (24 
deaths with ablation versus 46 deaths in control). Patients with less advanced HF (EF>25%, 
NYHA class II, <65 years old) potentially derived greater benefit. 
The CABANA trial also compared PV ablation to medical therapy8081. Only 337 of 2,204 
patients randomised had HF at baseline. Overall, the trial was neutral for its primary 
composite endpoint [HR 0.86, 95% confidence interval 0.65-1.15]. The point-estimate was 
somewhat better for patients with HF [HR 0.61, 95%CI 0.35-1.08], and was associated with 
an improvement in quality of life at 12 months.  
A meta-analysis of older trials reported 18 deaths amongst patients assigned to control 
compared to 9 assigned to ablation82. In summary, the data suggesting that a rhythm rather 
than rate control strategy is superior is not robust for patients with persistent AF. The trials 
were not blinded and the patients highly selected. Further trials are required. 
Several trials show that bi-ventricular pacing is superior to RV pacing after AV node 
ablation83. This may reflect the deleterious effects of RV pacing rather than any benefit of bi-
ventricular pacing. The landmark trials all required patients to be in sinus rhythm. CRT may 
require atrio-ventricular as well as bi-ventricular resynchronisation to be effective. A small, 
(n=102) un-blinded trial comparing AV node ablation with pharmacological treatment 
suggested benefit to the ablation strategy but there were too few events to be convincing84. 
Accordingly, the consensus opinion was to avoid this strategy until more evidence of benefit 
is obtained.  
Although AV node ablation will increase bi-ventricular capture, there is no evidence from 
adequately-designed RCTs that this improves patient well-being or outcome.785 
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Practical comments.  Ensure that the patient is receiving an effective anticoagulant 
regimen. The optimal resting ventricular rate for patients with HF and AF may be 70-90bpm. 
Anti-arrhythmic agents should generally be avoided other than to control symptomatic 
paroxysmal AF; PV ablation may be a better strategy than amiodarone/dronedarone, the 
latter is contraindicated in HF. Ablation is best reserved for patients with paroxysmal AF 
where episodes cause marked worsening of symptoms despite guideline-recommended 
therapy at optimal doses. There is little evidence of benefit from CRT in the absence of sinus 
rhythm or that AVN ablation to increase biventricular capture improves outcomes. AVN 
ablation should be an intervention of last resort. PV ablation to restore sinus rhythm is 
preferred in patients with CRT. Neither the safety nor efficacy of PV ablation for persistent AF 
and HF in the absence of back-up pacing has been demonstrated.  
Directions for future development.  
The group believes that a series of RCTs is required comparing “non-aggressive” 
pharmacological rate control, avoiding amiodarone or Class I anti-arrhythmic agents and 
higher doses or plasma concentrations of digoxin with the following procedures: 
1.) PV (and/or AVN) ablation for paroxysmal AF and HF vs “non-aggressive” 
pharmacological rate control (and avoiding all of: amiodarone, Class I anti-arrhythmic agents, 
higher doses or higher plasma concentrations of digoxin) 
2.) PV (and/or AVN) ablation for persistent AF and HF with or without a back-up 
pacing device vs “non-aggressive” pharmacological rate control (and avoiding all of: 
amiodarone, Class I anti-arrhythmic agents, higher doses or higher plasma concentrations of 
digoxin) 
3.) PV (and/or AVN) ablation in HF patients with CRT vs usual care 
There is also a need for RCTs comparing different rate control strategies, including  
4.) High- versus low-dose beta-blocker  
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5.) Addition of digoxin to beta-blockers. The ongoing DIGIT-HF trial includes patients 
with AF, but excludes patients in need of rate control with digitalis glycosides. 86 
There is also a need for RCTs investigating  
6.) new agents for pharmacological rhythm-control (double-blind versus placebo),  
7.) prevention of AF (double-blind versus placebo) 
8.) better treatments to prevent atrial fibrillation recurrence (double-blind versus 
placebo 
 
13. MitraClip  
Consensus recommendation.  
- Referral of patients with HF and secondary (i.e. functional) mitral regurgitation to a 
multidisciplinary HF team that will decide on management is recommended.  
- Reduction in mitral regurgitation using a MitraClip device may be considered for patients 
with HFrEF who fulfil the COAPT87 selection criteria (Table 3).  
Supporting evidence. The MITRA-FR88 and COAPT87 trials (recruiting 303 and 614 
patients, respectively) included different populations and reported very different results on 
the clinical efficacy of MitraClip.  In COAPT, patients assigned to MitraClip were more likely 
to be prescribed ACE-I, ARB or ARNI at baseline (72% compared to 63%, p = 0.02). By 12 
months this difference had increased (77% compared to 63%, p = 0.002) and more patients 
assigned to MitraClip were receiving beta-blockers (93% versus 87%, p=0.02).  In COAPT, 
the baseline LVEF was 31% (MITRA-FR 33%), the left-ventricular end-diastolic diameter was 
was 62±7 mm (in MITRA-FR 68±8 mm), and the effective regurgitant orifice area was on 
average 40±15 mm2 (vs 31±10 mm2 in MITRA-FR).  Over 24 months, COAPT reduced HF 
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hospitalisations by 47% (p<0.001), and all-cause mortality (by 38%, p<0.001) and improved 
improved average 6min-walking test distance by >50 m (p<0.001). Over a follow-up of 12 
months, no such benefits were observed in MITRA-FR. However, the outcome of these two 
trials at one year were not statistically different7. Longer-term follow-up for the MITRA-FR trial 
might reveal a deferred benefit. 
 
Practical comments.  If interventional therapy is considered, a multidisciplinary team 
involving HF specialists, interventionalists, imaging experts and cardiac surgeons should be 
involved in patient evaluation and decision making. Medical therapy should be optimised 
before deciding on intervention. Treatment with sacubitril/valsartan for HFrEF may also be of 
some importance as demonstrated recently in the PRIME trial89.  Of note, the PRIME study 
was a small (n=118) double-blind RCT comparing sacubitril/valsartan to Valsartan alone in 
HF patients with chronic functional MR.  The primary end-point, the reduction in echo-derived 
effective regurgitant orifice area, was reached at a borderline level of significance (–
0.058±0.095 versus –0.018±0.105 cm2; P=0.032). The trial was too small to show any clinical 
benefits and echo derived parameters of MR severity are not considered to constitute 
evidence of clinical benefit.  The ratio of the severity of MR to the severity of LV dilatation 
may be a key determinant of the response to mitral valve repair; patients with 
disproportionately severe MR may benefit more. 
 
Directions for future development.  The Reshape-HF2 trial (NCT02444338) is on-going 
and will have more patient-years follow-up than either published trial.  
 
14.  Treatment of central sleep apnoea 
Consensus recommendation.  
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- Patients with HF and suspected sleep apnoea who are being considered for positive 
pressure airway mask therapy are recommended to undergo a specialized sleep study in 
order to diagnose the characteristics of the sleep apnoea present, in particular whether the 
sleep apnoea is predominantly obstructive or central in nature. 
- In patients with predominantly central sleep apnoea (CSA) and concomitant HFrEF, 
evidence is insufficient to recommend CSA therapy for any putative benefit in the HF itself, 
and treatments directed at the CSA should be reviewed and avoided, unless compelling 
symptomatic indications for treatment of the CSA exist, in which case positive pressure 
airway mask therapy should be avoided and phrenic nerve stimulation may be considered 
as an alternative.  
Supporting evidence. HFrEF patients with predominantly CSA suffered an increase in 
mortality in SERVE-HF90, so that it is essential to know if such patients have CSA prior to 
starting positive airway pressure therapy. One small trial (Pivotal trial91) showed promise for 
phrenic nerve stimulation (PNS) for the treatment of severe central sleep apnoea. However, 
the randomised trial included only 151 patients (73 assigned to PNS) of whom only 96 had 
HF (48 assigned to PNS – and perhaps only half of these had HFrEF) and follow-up was for 
only 6 months. PNS improved AHI and symptoms, although blinding may have been 
imperfect; two deaths occurred in each group. 
Practical comments. PNS received FDA approval in 2018 and is also reimbursed in a 
number of European Countries. Further clinical trials are required before making positive 
recommendations. The learning curve for this new therapeutic approach is considered to be 
3-10 cases for experienced interventionalists. Patients can on occasion feel the stimulation, 
an effect which reduces over a few weeks. The device is designed to stimulate only during 
sleep, thereby reducing the chance of on-going stimulation awareness. 
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Directions for future development. The prevalence of CSA to some degree depends on 
the disease definition and HF severity. A study to investigate the impact on morbidity and 
mortality of phrenic nerve stimulation is required before making recommendations for 
broader use in the HF population.  
 
15.  Cardiac contractility modulation 
Consensus recommendation.  CCM may be considered in patients with HFrEF (LVEF 
between 25-45%) and a narrow QRS complex (<130 ms) in order to improve exercise 
capacity, quality of life and alleviate HF symptoms. 
Supporting evidence. In the FiX-HF 5C trial92, CCM increased peak VO2 by 0.84 (95% 
Bayesian credible interval: 0.123 to 1.552) ml O2/kg/min (the primary end-point), and the 
Minnesota Living With Heart Failure questionnaire (p < 0.001), NYHA functional class (p < 
0.001), and 6-min hall walk (p = 0.02). This trial used an FDA-approved design and analysis 
to confirm the results on an earlier sub-group analysis.  Although its limitations, i.e. the 
unblinded nature, and a small sample size (160 patients), with short follow-up duration (24 
weeks), not powered to look at outcomes, the point estimate showed the composite of 
cardiovascular death and HF hospitalizations reduced from 10.8% to 2.9% (p = 0.048). 
Practical comments. CCM is now approved in the US and Europe. CCM may be used to 
improve symptoms and exercise capacity in selected HFrEF patients with troublesome 
symptoms despite pharmacological therapy who have a QRS duration of <130msec and are 
therefore not indicated for CRT.  
Directions for future development.  A study to investigate the impact on morbidity and 
mortality is being planned. 
 
16. Mechanical ventricular assist devices 
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Consensus recommendation.  There is limited evidence to make new recommendations. 
For patients with advanced HF that are considered for implantation of a HeartMate – LVAD 
device, a HeartMate III rather than HeartMate II device should be considered.  
Supporting evidence. ROADMAP93 tested the HeartMate II vs optimized medical therapy as 
destination therapy. No difference for survival was found, but use of HeartMate II was 
associated with better functional capacity and quality of life. ENDURANCE94 tested the 
HeartMate HVAD System vs HeartMate II in patients with advanced HF eligible for heart 
transplantation, and showed non-inferiority for the HVAD System, however, stroke and 
device malfunction rates were increased with this system. MOMENTUM 395 is a pivotal trial 
for HeartMate III vs HeartMate II. Use of HeartMate III was associated with better 2-year 
survival and fewer adverse events.  
 
C – DISEASE MANAGEMENT AND LIFE STYLE 
 
16.  Multidisciplinary heart failure management programs 
Consensus recommendation. As already stated in the 2016 ESC HF Guidelines, it is 
recommended that HF patients are enrolled in a multidisciplinary HF management program. 
Both home-based and clinic-based programs can improve outcomes. Self-management 
strategies are encouraged.  
Supportive evidence. Although evidence on the effectiveness of multidisciplinary HF 
management program was established in the 2016 guidelines8, new studies have been 
published since then, often investigating the optimal components and intensity of these 
programs. In 2017, van Spall et al.96 published a network meta-analysis of 53 RCTs, 
concluding that both nurse home-visits and disease management clinics reduced all-cause 
mortality compared to usual care; nurse home-visits being most effective. Jonkman et al.97 
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published an IPD meta-analysis of 20 studies, including 5,624 patients, and concluded that 
self-management interventions in HF patients improve outcomes despite heterogeneity 
diversity in intensity, content and personnel who deliver the intervention. 
Directions for future development. Studies addressing the benefits of multi-disciplinary HF 
disease management programmes, barriers and opportunities for their implementation and 
interactions and synergies with a variety of health care systems would be valuable.  
 
17.  Salt/sodium intake 
Consensus recommendation. There is no robust new evidence on the benefits of 
manipulating salt intake on clinical status amongst either out-patients or in-patients.  
Supportive evidence. A recent systematic review,98 identified nine trials involving 479 
unique participants, none including more than 100 patients; results were inconclusive. 
Although there was a trend toward improvement in the clinical signs and symptoms of heart 
failure with reduced intake of dietary salt, no clinically relevant data on whether reduced 
dietary salt intake affected outcomes such as cardiovascular-associated or all cause 
mortality, cardiovascular-associated events, hospitalization, or length of hospital stay were 
found. 
Direction for future development.  Several trials  investigating salt restriction in HF are in 
progress.  Sodium, chloride and water balance are all important.  Oedema and congestion 
are volumetrically mainly due to water. Many patients with severe HF have hyponatraemia. 
Ensuring that net loss of water exceeds that of salt may be important for the management of 
oedema. Well-designed, adequately powered studies are needed to reduce uncertainty 
about the sodium restriction in HF patients 
 
18.  Exercise based cardiac rehabilitation 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
Consensus recommendation. It is recommended that patients with HF with reduced EF 
are enrolled in an exercise-based cardiac rehabilitation programme to reduce the risk of HF 
hospitalization.  
Supportive evidence.  A new meta-analysis99 and an updated Cochrane meta-analysis100 
identified 44 trials that included 5,783 people with HFrEF both showed that exercise 
rehabilitation reduced hospital admissions overall, as well as for HF. The effect on health-
related quality of life is uncertain due to lower-quality evidence. However, neither the 
participants nor investigators were blind to intervention and many older patients with HF will 
have been excluded due to their inability to comply with trial requirements.  
Directions for future development. Further evidence is needed to show whether exercise 
rehabilitation benefits older, frailer patients and those with HFpEF (currently under 
investigation) as well as the impact of and alternative delivery settings including home- and 
using technology-based programmes101.  
 
19. Telemedicine  
Consensus recommendation.  Home telemonitoring using an approach that is similar to the 
one used in TIM-HF2 may be considered for patients with HF in order to reduce the risk 
recurrent cardiovascular and HF hospitalizations and cardiovascular death.   
Supporting evidence. The TIM-HF2 trial102 included 1,571 patients and demonstrated that 
remote telemonitoring including home assessment of weight, blood pressure, ECG and 
general health status in the context of a 24/7 support system, reduced the proportion of days 
lost due to unplanned CV (mainly HF) hospitalizations or death (p=0.046). This study also 
documented a reduction in all-cause mortality for patients managed using telemedicine (HR 
0.70, p=0.028). 
Of note, through an oversight, the 2016 ESC Guidelines8 failed to refer to a systematic 
Cochrane review of home telemonitoring published in late 2015 (after the guideline had done 
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its major literature search). This Cochrane review103 identified 25 relevant trials and found 
that telemonitoring reduced all-cause mortality by about 20% and HF hospitalisation by about 
30%. 
Practical comments. Home telemonitoring may be used to enhance patient education and 
motivation and delivery of care but must be adapted to work in synergy with existing 
healthcare provision. Remote monitoring should not be impersonal. As with many 
interventions, the cost/benefit needs to be adequately assessed.  
Directions for future development. Further research is required and will be facilitated by 
advances in sensor and communication technology, smart algorithms and machine-learning 
and the growing number of effective interventions that require monitoring. The TIM-HF2 
intervention protocol should be tested in other countries and different health-care systems.   
 
Section D. Summary and outlook 
It is approximately three years since the cut-off date for clinical trial data to be considered in 
the most recent HFA guidelines on HF8 and it will be more than another two years before we 
have the next ESC guidelines on HF (in 2021). As such this expert consensus meeting report 
of The Heart Failure Association of the European Society of Cardiology gives us a chance to 
review significant developments in pharmacotherapy, interventions, device therapy and 
general care relevant to the management of HF. As stated before, this expert consensus 
report does not aim to be a guideline update nor a position statement. 
 
Specific new recommendations have been made based on the evidence from major trials 
published since 2016, including SGLT2 inhibitors in T2DM; MitraClip for functional MR; atrial 
fibrillation ablation in HF; Tafamidis in cardiac transthyretin amyloidosis; Rivaroxaban in HF; 
ICD’s in non-ischaemic HF; and telemedicine for HF. In addition, new trial evidence from 
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smaller trials and updated meta-analyses have given us the chance to refine our guidance 
statements in selected other areas.  
 
Further, new trial evidence is due in many of these areas and others over the next two years, 
in time for the planned 2021 guidelines.  
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Abbreviations 
ACE-I – angiotensin-converting enzyme inhibitors  
ADVOR – Acetazolamide in Decompensated Heart Failure With Volume OveRload 
AHF – acute heart failure 
AHI – Apnea–Hypopnea Index 
AF – atrial fibrillation 
AFFIRM-AHF – Study to Compare Ferric Carboxymaltose With Placebo in Patients With 
Acute Heart Failure and Iron Deficiency 
AL – amyloidosis  
AMETHYST-DN – Patiromer in the Treatment of Hyperkalemia in Patients With Hypertension 
and Diabetic Nephropathy 
ARBs – angiotensin receptor blockers  
ARNI – angiotensin receptor-neprilysin inhibitor 
ATTR – cardiac transthyretin amyloidosis  
ATTR-ACT – Safety and Efficacy of Tafamidis in Patients With Transthyretin 
Cardiomyopathy  
ATTRm – hereditary cardiac transthyretin amyloidosis 
ATTRwt – wild-type cardiac transthyretin amyloidosis 
AVN ablation– atrioventricular node ablation 
BIOSTAT-CHF study – BIOlogy Study to TAilored Treatment in Chronic Heart Failure 
BNP – b-type natriuretic peptide 
CABANA trial – Catheter Ablation vs Anti-arrhythmic Drug Therapy for Atrial Fibrillation Trial 
CAD – coronary artery disease  
CANTOS trial – Cardiovascular Risk Reduction Study (Reduction in Recurrent Major CV 
Disease Events) 
CANVAS – CANagliflozin cardioVascular Assessment Study 
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CASTLE-AF trial – Catheter Ablation vs. Standard Conventional Treatment in Patients With 
LV Dysfunction and AF 
CCM – Cardiac contractility modulation 
CHARM – Candesartan in Heart Failure Assessment of Reduction in Mortality and Morbidity 
CHF – chronic heart failure 
CKD – chronic kidney disease 
COAPT trial – Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Therapy 
for Heart Failure Patients With Functional Mitral Regurgitation 
COMMANDER HF trial – A Study to Assess the Effectiveness and Safety of Rivaroxaban in 
Reducing the Risk of Death, Myocardial Infarction or Stroke in Participants With Heart Failure 
and Coronary Artery Disease Following an Episode of Decompensated Heart Failure  
COMPASS trial – Rivaroxaban for the Prevention of Major Cardiovascular Events in 
Coronary or Peripheral Artery Disease  
CONFIRM-HF – A Study to Compare the Use of Ferric Carboxymaltose With Placebo in 
Patients With Chronic Heart Failure and Iron Deficiency 
CREDENCE trial – Evaluation of the Effects of Canagliflozin on Renal and Cardiovascular 
Outcomes in Participants With Diabetic Nephropathy 
CRT – cardiac resynchronization therapy 
CRT-D – cardiac resynchronization therapy defibrillator 
CRT-P – cardiac resynchronization therapy pacemaker  
CSA – central sleep apnoea  
CV – cardiovascular  
DANISH – Danish ICD Study in Patients With Dilated Cardiomyopathy 
DECLARE-TIMI 58 trial – Multicenter Trial to Evaluate the Effect of Dapagliflozin on the 
Incidence of Cardiovascular Events 
DIAMOND – Patiromer for the Management of Hyperkalemia in Subjects Receiving RAASi 
Medications for the Treatment of Heart Failure  
EFFECT-HF – Effect of Ferric Carboxymaltose on Exercise Capacity in Patients With Iron 
Deficiency and Chronic Heart Failure 
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eGFR – estimated glomerular filtration rate 
EMPA-REG OUTCOME trial – BI 10773 (Empagliflozin) Cardiovascular Outcome Event Trial 
in Type 2 Diabetes Mellitus Patients 
EMPA-RESPONSE-AHF – Effects of Empagliflozin on Clinical Outcomes in Patients With 
Acute Decompensated Heart Failure 
ENDURANCE trial – The HeartWare™ Ventricular Assist System as Destination Therapy of 
Advanced Heart Failure 
ESC – European Society of Cardiology 
FAIR-HF – A Study to Compare the Use of Ferric Carboxymaltose With Placebo in Patients 
With Chronic Heart Failure and Iron Deficiency 
FAIR-HF2 – Intravenous Iron in Patients With Systolic Heart Failure and Iron Deficiency to 
Improve Morbidity & Mortality 
FAIR-HFpEF – Effect of IV Iron in Patients With Heart Failure With Preserved Ejection 
Fraction 
FDA – Food and Drug Administration 
FiX-HF 5C trial – Evaluate Safety and Efficacy of the OPTIMIZER® System in Subjects With 
Moderate-to-Severe Heart Failure 
HF – heart failure 
HFA – Heart Failure Association 
HFmrEF – heart failure with mid-range ejection fraction 
HFrEF – heart failure with reduced ejection fraction 
HFpEF – heart failure with preserved ejection fraction 
HR – hazard ratio 
ICD – implantable cardioverter defibrillator  
ID – iron deficiency  
IPD – individual patient data  
IRONMAN – Intravenous Iron Treatment in Patients With Heart Failure and Iron Deficiency 
kg – kilogram  
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
LVAD – left ventricular assist device 
LVEF – left ventricular ejection fraction 
min – minute 
MITRA-FR trial – Multicentre Study of Percutaneous Mitral Valve Repair MitraClip Device in 
Patients With Severe Secondary Mitral Regurgitation  
mL – milliliter 
MOMENTUM 3 – Multi-center Study of MagLev Technology in Patients Undergoing MCS 
Therapy With HeartMate 3™ IDE Clinical Study 
MR – mitral regurgitation  
MRA – mineralocorticoid receptor antagonist  
NNT – number needed to treat 
NT-proBNP – N-terminal pro b-type natriuretic peptide 
NYHA – New York Heart Association  
O2 – oxygen 
PARADIGM-HF trial – This Study Will Evaluate the Efficacy and Safety of LCZ696 Compared 
to Enalapril on Morbidity and Mortality of Patients With Chronic Heart Failure 
PARADISE-MI – Prospective ARNI vs ACE Inhibitor Trial to DetermIne Superiority in 
Reducing Heart Failure Events After MI  
PARAGON-HF trial – Efficacy and Safety of LCZ696 Compared to Valsartan, on Morbidity 
and Mortality in Heart Failure Patients With Preserved Ejection Fraction 
PEARL-HF – Evaluation of Patiromer in Heart Failure Patients 
PIONEER-HF trial – Comparison of Saocubitril/valsartaN Versus Enalapril on Effect on 
ntpRo-bnp in Patients Stabilized From an Acute Heart Failure Episode.  
PIVOTAL trial – UK Multicentre Open-label Randomised Controlled Trial Of IV Iron Therapy 
In Incident Haemodialysis Patients 
Pivotal trial – A Randomized Trial Evaluating the Safety and Effectiveness of the remedē® 
System in Patients With Central Sleep Apnea 
PNS - phrenic nerve stimulation  
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PPM – permanent pacemaker  
PRIME study – Pharmacological Reduction of Functional, Ischemic Mitral Regurgitation 
PRIORITIZE HF – Potassium Reduction Initiative to Optimize RAAS Inhibition Therapy With 
Sodium Zirconium Cyclosilicate in Heart Failure 
PV ablation– pulmonary vein ablation 
QUALIFY survey – QUality of Adherence to guideline recommendations for LIFe‐saving 
treatment in heart failure surveY 
RAAS-I – renin angiotensin aldosterone system inhibitors 
RESET-CRT – Re-evaluation of Otimal Re-synchronisation Therapy in Patients with CHF 
Reshape-HF2 – A Clinical Evaluation of the Safety and Effectiveness of the MitraClip System 
in the Treatment of Clinically Significant Functional Mitral Regurgitation  
ROADMAP trial – Risk Assessment and Comparative Effectiveness of Left Ventricular Assist 
Device (LVAD) and Medical Management  
SAD – sudden arrhythmic death  
SERVE-HF – Treatment of Predominant Central Sleep Apnoea by Adaptive Servo Ventilation 
in Patients With Heart Failure 
SGLT2 – Sodium glucose transporter 2 
SPECT – single photon emission computed tomography 
SPIRIT-HF – SPIRonolactone In the Treatment of Heart Failure 
SPIRRIT-HFPEF – Spironolactone Initiation Registry Randomized Interventional Trial in 
Heart Failure With Preserved Ejection Fraction 
T2DM – type 2 diabetes  
TIM-HF2 – Telemedical Interventional Management in Heart Failure II 
TOPCAT trial – Aldosterone Antagonist Therapy for Adults With Heart Failure and Preserved 
Systolic Function 
TRANSFORM-HF – ToRsemide compArisoN With furoSemide FORManagement of Heart 
Failure  
TRANSITION trial – Comparison of Pre- and Post-discharge Initiation of LCZ696 Therapy in 
HFrEF Patients After an Acute Decompensation Event 
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TTR – transthyretin 
VEST trial – Vest Prevention of Early Sudden Death 
ZS-9 – sodium zirconium cyclosilicate 
 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
 
REFERENCES 
                                                 
1 Guidelines for the diagnosis of heart failure. The Task Force on Heart Failure of the 
European Society of Cardiology. Eur Heart J. 1995;16:741-51. 
 
2 The treatment of heart failure. Task Force of the Working Group on Heart Failure of the 
European Society of Cardiology. Eur Heart J. 1997;18:736-53. 
 
3 Remme WJ, Swedberg K; Task Force for the Diagnosis and Treatment of Chronic Heart 
Failure, European Society of Cardiology. Guidelines for the diagnosis and treatment of 
chronic heart failure. Eur Heart J. 2001;22:1527-60. 
 
4 Swedberg K, Cleland J, Dargie H, Drexler H, Follath F, Komajda M, Tavazzi L, Smiseth 
OA, Gavazzi A, Haverich A, Hoes A, Jaarsma T, Korewicki J, Lévy S, Linde C, Lopez-
Sendon JL, Nieminen MS, Piérard L, Remme WJ; Task Force for the Diagnosis and 
Treatment of Chronic Heart Failure of the European Society of Cardiology. Guidelines for the 
diagnosis and treatment of chronic heart failure: executive summary (update 2005): The 
Task Force for the Diagnosis and Treatment of Chronic Heart Failure of the European 
Society of Cardiology. Eur Heart J. 2005;26:1115-40. 
 
5 Dickstein K, Cohen-Solal A, Filippatos G, McMurray JJ, Ponikowski P, Poole-Wilson PA, 
Strömberg A, van Veldhuisen DJ, Atar D, Hoes AW, Keren A, Mebazaa A, Nieminen M, 
Priori SG, Swedberg K; ESC Committee for Practice Guidelines (CPG). ESC Guidelines for 
the diagnosis and treatment of acute and chronic heart failure 2008: the Task Force for the 
Diagnosis and Treatment of Acute and Chronic Heart Failure 2008 of the European Society 
of Cardiology. Developed in collaboration with the Heart Failure Association of the ESC 
(HFA) and endorsed by the European Society of Intensive Care Medicine (ESICM). Eur 
Heart J. 2008;29:2388-442. 
 
6 McMurray JJ, Adamopoulos S, Anker SD, Auricchio A, Böhm M, Dickstein K, Falk V, 
Filippatos G, Fonseca C, Gomez-Sanchez MA, Jaarsma T, Køber L, Lip GY, Maggioni AP, 
Parkhomenko A, Pieske BM, Popescu BA, Rønnevik PK, Rutten FH, Schwitter J, Seferovic 
P, Stepinska J, Trindade PT, Voors AA, Zannad F, Zeiher A; ESC Committee for Practice 
Guidelines. ESC Guidelines for the diagnosis and treatment of acute and chronic heart 
failure 2012: The Task Force for the Diagnosis and Treatment of Acute and Chronic Heart 
Failure 2012 of the European Society of Cardiology. Developed in collaboration with the 
Heart Failure Association (HFA) of the ESC. Eur Heart J. 2012;33:1787-847. 
 
7 Cleland JGF, van Veldhuisen DJ, Ponikowski P. The year in cardiology 2018: heart failure. 
Eur Heart J. 2019;40:651-661. 
 
8 Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JG, Coats AJ, Falk V, Gonzalez-
Juanatey JR, Harjola VP, Jankowska EA, Jessup M, Linde C, Nihoyannopoulos P, Parissis 
JT, Pieske B, Riley JP, Rosano GM, Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P, 
Authors/Task Force M and Document R. 2016 ESC Guidelines for the diagnosis and 
treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment 
of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed 
with the special contribution of the Heart Failure Association (HFA) of the ESC. European 
journal of heart failure. 2016;18:891-975. 
 
9 Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel S, Mattheus M, Devins T, 
Johansen OE, Woerle HJ, Broedl UC, Inzucchi SE; EMPA-REG OUTCOME Investigators. 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
                                                                                                                                                        
Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes. N Engl J Med. 
2015;373:2117-28. 
 
10 Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn A, Silverman MG, Zelniker 
TA, Kuder JF, Murphy SA, Bhatt DL, Leiter LA, McGuire DK, Wilding JPH, Ruff CT, Gause-
Nilsson IAM, Fredriksson M, Johansson PA, Langkilde AM, Sabatine MS; DECLARE–TIMI 
58 Investigators. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J 
Med. 2019;380:347-357. 
 
11 Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G, Erondu N, Shaw W, Law G, 
Desai M, Matthews DR; CANVAS Program Collaborative Group. Canagliflozin and 
Cardiovascular and Renal Events in Type 2 Diabetes. N Engl J Med. 2017;377:644-657.  
 
12 Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan DM, Edwards R, 
Agarwal R, Bakris G, Bull S, Cannon CP, Capuano G, Chu PL, de Zeeuw D, Greene T, Levin 
A, Pollock C, Wheeler DC, Yavin Y, Zhang H, Zinman B, Meininger G, Brenner BM, 
Mahaffey KW; CREDENCE Trial Investigators. Canagliflozin and Renal Outcomes in Type 2 
Diabetes and Nephropathy. N Engl J Med. 2019. [Epub ahead of print] 
13 Wanner Ch, Inzucchi SE, Zinman B. Empagliflozin and Progression of Kidney Disease in 
Type 2 Diabetes. N Engl J Med. 2016;375:1801-2.  
 
14 Rådholm K, Figtree G, Perkovic V, Solomon SD, Mahaffey KW, de Zeeuw D, Fulcher G, 
Barrett TD, Shaw W, Desai M, Matthews DR, Neal B. Canagliflozin and Heart Failure in Type 
2 Diabetes Mellitus. Circulation. 2018;138:458-468.  
15 Rådholm K, Figtree G, Perkovic V, Solomon SD, Mahaffey KW, de Zeeuw D, Fulcher G, 
Barrett TD, Shaw W, Desai M, Matthews DR, Neal B. Canagliflozin and Heart Failure in Type 
2 Diabetes Mellitus. Circ 2018;138:458-68.  
 
16 Fitchett D, Zinman B, Wanner C, Lachin JM, Hantel S, Salsali A, Johansen OE, Woerle 
HJ, Broedl UC, Inzucchi SE; EMPA-REG OUTCOME® trial investigators. Heart failure 
outcomes with empagliflozin in patients with type 2 diabetes at high cardiovascular risk: 
results of the EMPA-REG OUTCOME® trial. Eur Heart J. 2016;37:1526-34.  
 
17 Kato ET, Silverman MG, Mosenzon O, Zelniker TA, Cahn A, Furtado RHM, Kuder J, 
Murphy SA, Bhatt DL, Leiter LA, McGuire DK, Wilding JPH, Bonaca MP, Ruff CT, Desai AS, 
Goto S, Johansson PA, Gause-Nilsson I, Johanson P, Langkilde AM, Raz I, Sabatine MS, 
Wiviott SD. Effect of Dapagliflozin on Heart Failure and Mortality in Type 2 Diabetes Mellitus. 
Circulation. 2019. [Epub ahead of print].  
 
18 Everett BM, Cornel JH, Lainscak M, Anker SD, Abbate A, Thuren T, Libby P, Glynn RJ, 
Ridker PM. Anti-Inflammatory Therapy With Canakinumab for the Prevention of 
Hospitalization for Heart Failure. Circulation. 2019;139:1289-1299. 
 
19 Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne C, Fonseca F, 
Nicolau J, Koenig W, Anker SD, Kastelein JJP, Cornel JH, Pais P, Pella D, Genest J, Cifkova 
R, Lorenzatti A, Forster T, Kobalava Z, Vida-Simiti L, Flather M, Shimokawa H, Ogawa H, 
Dellborg M, Rossi PRF, Troquay RPT, Libby P, Glynn RJ; CANTOS Trial Group. 
Antiinflammatory Therapy with Canakinumab for Atherosclerotic Disease. N Engl J Med. 
2017;377:1119-31. 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
                                                                                                                                                        
 
20 https://www.medpagetoday.com/cardiology/prevention/75811 
 
21 Ridker PM, MacFadyen JG, Thuren T, Everett BM, Libby P, Glynn RJ; CANTOS Trial 
Group. Effect of interleukin-1β inhibition with canakinumab on incident lung cancer in patients 
with atherosclerosis: exploratory results from a randomised, double-blind, placebo-controlled 
trial. Lancet. 2017 Oct 21;390(10105):1833-1842. 
 
22 Jhund PS, Fu M, Bayram E, Chen CH, Negrusz-Kawecka M, Rosenthal A, Desai AS, 
Lefkowitz MP, Rizkala AR, Rouleau JL, Shi VC, Solomon SD, Swedberg K, Zile MR, 
McMurray JJ, Packer M; PARADIGM-HF Investigators and Committees. Efficacy and safety 
of LCZ696 (sacubitril-valsartan) according to age: insights from PARADIGM-HF. Eur Heart J. 
2015;36:2576-84.  
 
23 Simpson J, Jhund PS, Silva Cardoso J, Martinez F, Mosterd A, Ramires F, Rizkala AR, 
Senni M, Squire I, Gong J, Lefkowitz MP, Shi VC, Desai AS, Rouleau JL, Swedberg K, Zile 
MR, McMurray JJV, Packer M, Solomon SD; PARADIGM-HF Investigators and Committees. 
Comparing LCZ696 with enalapril according to baseline risk using the MAGGIC and 
EMPHASIS-HF risk scores: an analysis of mortality and morbidity in PARADIGM-HF. J Am 
Coll Cardiol. 2015;66:2059-2071.  
 
24 Okumura N, Jhund PS, Gong J, Lefkowitz MP, Rizkala AR, Rouleau JL, Shi VC, 
Swedberg K, Zile MR, Solomon SD, Packer M, McMurray JJ; PARADIGM-HF Investigators 
and Committees. Effects of Sacubitril/Valsartan in the PARADIGM-HF Trial (Prospective 
Comparison of ARNI with ACEI to Determine Impact on Global Mortality and Morbidity in 
Heart Failure) According to Background Therapy. Circ Heart Fail. 2016;9. e003212.  
 
25 Seferovic JP, Claggett B, Seidelmann SB, Seely EW, Packer M, Zile MR, Rouleau JL, 
Swedberg K, Lefkowitz M, Shi VC, Desai AS, McMurray JJV, Solomon SD. Effect of 
sacubitril/valsartan versus enalapril on glycaemic control in patients with heart failure and 
diabetes: a post-hoc analysis from the PARADIGM-HF trial. Lancet Diabetes Endocrinol. 
2017;5:333-340. 
 
26 Desai AS, Vardeny O, Claggett B, McMurray JJ, Packer M, Swedberg K, Rouleau JL, Zile 
MR, Lefkowitz M, Shi V, Solomon SD. Reduced Risk of Hyperkalemia During Treatment of 
Heart Failure With Mineralocorticoid Receptor Antagonists by Use of Sacubitril/Valsartan 
Compared With Enalapril: A Secondary Analysis of the PARADIGM-HF Trial. JAMA Cardiol. 
2017;2:79-85.  
 
27 Damman K, Gori M, Claggett B, Jhund PS, Senni M, Lefkowitz MP, Prescott MF, Shi VC, 
Rouleau JL, Swedberg K, Zile MR, Packer M, Desai AS, Solomon SD, McMurray JJV. Renal 
Effects and Associated Outcomes During Angiotensin-Neprilysin Inhibition in Heart Failure. 
JACC Heart Fail. 2018;6:489-498.  
 
28 Vardeny O, Claggett B, Kachadourian J, Pearson SM, Desai AS, Packer M, Rouleau J, 
Zile MR, Swedberg K, Lefkowitz M, Shi V, McMurray JJV, Solomon SD. . Incidence, 
Predictors, and Outcomes Associated With Hypotensive Episodes Among Heart Failure 
Patients Receiving Sacubitril/Valsartan or Enalapril: The PARADIGM-HF Trial (Prospective 
Comparison of Angiotensin Receptor Neprilysin Inhibitor With Angiotensin-Converting 
Enzyme Inhibitor to Determine Impact on Global Mortality and Morbidity in Heart Failure). 
Circ Heart Fail. 2018;11:e004745  
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
                                                                                                                                                        
29 Velazquez EJ, Morrow DA, DeVore AD, Duffy CI, Ambrosy AP, McCague K, Rocha R, 
Braunwald E; PIONEER-HF Investigators. Angiotensin-Neprilysin Inhibition in Acute 
Decompensated Heart Failure. N Engl J Med. 2019;380:539-548.  
30 Wachter R Senni M, Belohlavek J, Straburzynska-Migaj E, Witte KK, Kobalava Z, 
Fonseca C, Goncalvesova E, Cavusoglu Y, Fernandez A, Chaaban S, Bøhmer E, Pouleur A-
C, Mueller C, Tribouilloy C, Lonn E, Al Buraiki J, Gniot J, Mozheiko M, Lelonek M, Noè A, 
Schwende H. Initiation of sacubitril/valsartan in haemodynamically stabilised heart failure 
patients inhospital or early after discharge: Primary results of the randomised TRANSITION 
study. Eur J Heart Fail. 2019 (in press) 
 
31 Simpson J, Jhund PS, Silva Cardoso J, Martinez F, Mosterd A, Ramires F, Rizkala AR, 
Senni M, Squire I, Gong J, Lefkowitz MP, Shi VC, Desai AS, Rouleau JL, Swedberg K, Zile 
MR, McMurray JJV, Packer M, Solomon SD; PARADIGM-HF Investigators and Committees. 
Comparing LCZ696 with enalapril according to baseline risk using the MAGGIC and 
EMPHASIS-HF risk scores: an analysis of mortality and morbidity in PARADIGM-HF. J Am 
Coll Cardiol. 2015;66:2059-2071.  
 
32 Okumura N, Jhund PS, Gong J, Lefkowitz MP, Rizkala AR, Rouleau JL, Shi VC, 
Swedberg K, Zile MR, Solomon SD, Packer M, McMurray JJ; PARADIGM-HF Investigators 
and Committees. Effects of Sacubitril/Valsartan in the PARADIGM-HF Trial (Prospective 
Comparison of ARNI with ACEI to Determine Impact on Global Mortality and Morbidity in 
Heart Failure) According to Background Therapy. Circ Heart Fail. 2016;9. e003212.  
 
33 Vardeny O, Claggett B, Kachadourian J, Pearson SM, Desai AS, Packer M, Rouleau J, 
Zile MR, Swedberg K, Lefkowitz M, Shi V, McMurray JJV, Solomon SD. Incidence, 
Predictors, and Outcomes Associated With Hypotensive Episodes Among Heart Failure 
Patients Receiving Sacubitril/Valsartan or Enalapril: The PARADIGM-HF Trial (Prospective 
Comparison of Angiotensin Receptor Neprilysin Inhibitor With Angiotensin-Converting 
Enzyme Inhibitor to Determine Impact on Global Mortality and Morbidity in Heart Failure). 
Circ Heart Fail. 2018;11:e004745  
 
34 Desai AS, Vardeny O, Claggett B, McMurray JJ, Packer M, Swedberg K, Rouleau JL, Zile 
MR, Lefkowitz M, Shi V, Solomon SD. Reduced Risk of Hyperkalemia During Treatment of 
Heart Failure With Mineralocorticoid Receptor Antagonists by Use of Sacubitril/Valsartan 
Compared With Enalapril: A Secondary Analysis of the PARADIGM-HF Trial. JAMA Cardiol. 
2017;2:79-85.  
 
35 Seferovic JP, Claggett B, Seidelmann SB, Seely EW, Packer M, Zile MR, Rouleau JL, 
Swedberg K, Lefkowitz M, Shi VC, Desai AS, McMurray JJV, Solomon SD. Effect of 
sacubitril/valsartan versus enalapril on glycaemic control in patients with heart failure and 
diabetes: a post-hoc analysis from the PARADIGM-HF trial. Lancet Diabetes Endocrinol. 
2017;5:333-340.  
 
36 Böhm M, Young R, Jhund PS, Solomon SD, Gong J, Lefkowitz MP, Rizkala AR, Rouleau 
JL, Shi VC, Swedberg K, Zile MR, Packer M, McMurray JJV. Systolic blood pressure, 
cardiovascular outcomes and efficacy and safety of sacubitril/valsartan (LCZ696) in patients 
with chronic heart failure and reduced ejection fraction: results from PARADIGM-HF. Eur 
Heart J. 2017;38:1132-1143. 
37 Desai AS, Vardeny O, Claggett B, McMurray JJ, Packer M, Swedberg K, Rouleau JL, Zile 
MR, Lefkowitz M, Shi V, Solomon SD. Reduced Risk of Hyperkalemia During Treatment of 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
                                                                                                                                                        
Heart Failure With Mineralocorticoid Receptor Antagonists by Use of Sacubitril/Valsartan 
Compared With Enalapril: A Secondary Analysis of the PARADIGM-HF Trial. JAMA Cardiol. 
2017;2:79-85.  
 
38 Seferovic JP, Claggett B, Seidelmann SB, Seely EW, Packer M, Zile MR, Rouleau JL, 
Swedberg K, Lefkowitz M, Shi VC, Desai AS, McMurray JJV, Solomon SD. Effect of 
sacubitril/valsartan versus enalapril on glycaemic control in patients with heart failure and 
diabetes: a post-hoc analysis from the PARADIGM-HF trial. Lancet Diabetes Endocrinol. 
2017;5:333-340. 
 
39 Pellicori P, Urbinati A, Shah P, MacNamara A, Kazmi S, Dierckx R, Zhang J, Cleland 
JGF, Clark AL. What proportion of patients with chronic heart failure are eligible for sacubitril-
valsartan? Eur J Heart Fail. 2017;19:768-778.  
 
40 Rosano GMC, Tamargo J, Kjeldsen KP, Lainscak M, Agewall S, Anker SD, Ceconi C, 
Coats AJS, Drexel H, Filippatos G, Kaski JC, Lund L, Niessner A, Savarese G, Schmidt TA, 
Seferovic P, Wassmann S, Walther T, Lewis BS. Expert consensus document on the 
management of hyperkalaemia in patients with cardiovascular disease treated with RAAS-
inhibitors - Coordinated by the Working Group on Cardiovascular Pharmacotherapy of the 
European Society of Cardiology. Eur Heart J Cardiovasc Pharmacother. 2018 [Epub ahead 
of print]. 
41 Pitt B, Anker SD, Bushinsky DA, Kitzman DW, Zannad F, Huang IZ; PEARL-HF 
Investigators. Evaluation of the efficacy and safety of RLY5016, a polymeric potassium 
binder, in a double-blind, placebo-controlled study in patients with chronic heart failure (the 
PEARL-HF) trial. Eur Heart J. 2011;32:820-8. 
42 Pitt B, Bakris GL, Weir MR, Freeman MW, Lainscak M, Mayo MR, Garza D, Zawadzki R, 
Berman L, Bushinsky DA. Long-term effects of patiromer for hyperkalaemia treatment in 
patients with mild heart failure and diabetic nephropathy on angiotensin-converting 
enzymes/angiotensin receptor blockers: results from AMETHYST-DN. ESC Heart Fail. 
2018;5:592-602. 
 
43 Pitt B, Bushinsky DA, Kitzman DW, Ruschitzka F, Metra M, Filippatos G, Rossignol P, Du 
Mond C, Garza D, Berman L, Lainscak M; Patiromer-204 Investigators. Evaluation of an 
individualized dose titration regimen of patiromer to prevent hyperkalaemia in patients with 
heart failure and chronic kidney disease. ESC Heart Fail. 2018;5:257-266. 
 
44 Mullens W, Verbrugge FH, Nijst P, Martens P, Tartaglia K, Theunissen E, Bruckers L, 
Droogne W, Troisfontaines P, Damman K, Lassus J, Mebazaa A, Filippatos G, Ruschitzka F, 
Dupont M. Rationale and design of the ADVOR (Acetazolamide in Decompensated Heart 
Failure with Volume Overload) trial. Eur J Heart Fail. 2018;20:1591-1600. 
 
45 Mullens W, Damman K, Harjola VP, Mebazaa A, Brunner-La Rocca HP, Martens P, 
Testani JM, Tang WHW, Orso F, Rossignol P, Metra M, Filippatos G, Seferovic PM, 
Ruschitzka F, Coats AJ. The use of diuretics in heart failure with congestion - a position 
statement from the Heart Failure Association of the European Society of Cardiology. Eur J 
Heart Fail. 2019 Feb;21(2):137-155. 
 
46 Sica DA, Muntendam P, Myers RL, Ter Maaten JM, Sale ME, de Boer RA, Pitt 
B.Subcutaneous Furosemide in Heart Failure: Pharmacokinetic Characteristics of a Newly 
Buffered Solution. JACC Basic Transl Sci 2018;3:25-34,  
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
                                                                                                                                                        
 
47 Gilotra NA, Princewill O, Marino B, Okwuosa IS, Chasler J, Almansa J, Cummings A, 
Rhodes P, Chambers J, Cuomo K, Russell SD. Efficacy of Intravenous Furosemide Versus a 
Novel, pH-Neutral Furosemide Formulation Administered Subcutaneously in Outpatients 
With Worsening Heart Failure. JACC HF 2018;6:65-70 
 
48 Cleland JGF, Bunting KV, Flather MD, Altman DG, Holmes J, Coats AJS, Manzano L, 
McMurray JJV, Ruschitzka F, van Veldhuisen DJ, von Lueder TG, Böhm M, Andersson B, 
Kjekshus J, Packer M, Rigby AS, Rosano G, Wedel H, Hjalmarson Å, Wikstrand J, Kotecha 
D; Beta-blockers in Heart Failure Collaborative Group. Beta-blockers for heart failure with 
reduced, mid-range, and preserved ejection fraction: an individual patient-level analysis of 
double-blind randomized trials. Eur Heart J. 2018;39:26-35. 
 
49 Lund LH, Claggett B, Liu J, Lam CS, Jhund PS, Rosano GM, Swedberg K, Yusuf S, 
Granger CB, Pfeffer MA, McMurray JJV, Solomon SD. Heart failure with mid-range ejection 
fraction in CHARM: characteristics, outcomes and effect of candesartan across the entire 
ejection fraction spectrum. Eur J Heart Fail. 2018 Aug;20:1230-1239. 
 
50 Solomon SD, Claggett B, Lewis EF, Desai A, Anand I, Sweitzer NK, O'Meara E, Shah SJ, 
McKinlay S, Fleg JL, Sopko G, Pitt B, Pfeffer MA; TOPCAT Investigators.  Influence of 
ejection fraction on outcomes and efficacy of spironolactone in patients with heart failure with 
preserved ejection fraction. Eur Heart J. 2016;37:455-62.  
  
51 Martens P, Nijst P, Verbrugge FH, Smeets K, Dupont M, Mullens W. Impact of iron 
deficiency on exercise capacity and outcome in heart failure with reduced, mid-range and 
preserved ejection fraction. Acta Cardiol. 2018;73:115-123.  
 
52 Cohen-Solal A, Damy T, Terbah M, Kerebel S, Baguet JP, Hanon O, Zannad F, Laperche 
T, Leclercq C, Concas V, Duvillié L, Darné B, Anker S, Mebazaa A. High prevalence of iron 
deficiency in patients with acute decompensated heart failure. Eur J Heart Fail. 2014;16:984-
91. Epub 2014 Jul 28. 
 
53 Anker SD, Comin Colet J, Filippatos G, Willenheimer R, Dickstein K, Drexler H, Lüscher 
TF, Bart B, Banasiak W, Niegowska J, Kirwan BA, Mori C, von Eisenhart Rothe B, Pocock 
SJ, Poole-Wilson PA, Ponikowski P; FAIR-HF Trial Investigators. Ferric carboxymaltose in 
patients with heart failure and iron deficiency. N Engl J Med. 2009;361:2436-48.  
 
54 Ponikowski P, van Veldhuisen DJ, Comin-Colet J, Ertl G, Komajda M, Mareev V, 
McDonagh T, Parkhomenko A, Tavazzi L, Levesque V, Mori C, Roubert B, Filippatos G, 
Ruschitzka F, Anker SD; CONFIRM-HF Investigators. Beneficial effects of long-term 
intravenous iron therapy with ferric carboxymaltose in patients with symptomatic heart failure 
and iron deficiency. Eur Heart J. 2015;36:657-68.  
 
55 van Veldhuisen DJ, Ponikowski P, van der Meer P, Metra M, Böhm M, Doletsky A, Voors 
AA, Macdougall IC, Anker SD, Roubert B, Zakin L, Cohen-Solal A; EFFECT-HF 
Investigators. Effect of Ferric Carboxymaltose on Exercise Capacity in Patients With Chronic 
Heart Failure and Iron Deficiency. Circulation. 2017;136:1374-1383.  
 
56 Macdougall IC, White C, Anker SD, Bhandari S, Farrington K, Kalra PA, McMurray JJV, 
Murray H, Tomson CRV, Wheeler DC, Winearls CG, Ford I; PIVOTAL Investigators and 
Committees. Intravenous Iron in Patients Undergoing Maintenance Hemodialysis. N Engl J 
Med. 2019;380:447-458. 
 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
                                                                                                                                                        
57 Charles-Edwards G, Amaral N, Sleigh A, Ayis S, Catibog N, McDonagh T, Monaghan M, 
Amin-Youssef G, Kemp GJ, Shah AM, Okonko DO. Effect of Iron Isomaltoside on Skeletal 
Muscle Energetics in Patients with Chronic Heart Failure and Iron Deficiency: The FERRIC-
HF II Randomized Mechanistic Trial. Circulation. 2019 Feb 19. [Epub ahead of print]. 
 
58 Maurer MS, Schwartz JH, Gundapaneni B, Elliott PM, Merlini G, Waddington-Cruz M, 
Kristen AV, Grogan M, Witteles R, Damy T, Drachman BM, Shah SJ, Hanna M, Judge DP, 
Barsdorf AI, Huber P, Patterson TA, Riley S, Schumacher J, Stewart M, Sultan MB, Rapezzi 
C; ATTR-ACT Study Investigators. Tafamidis Treatment for Patients with Transthyretin 
Amyloid Cardiomyopathy. N Engl J Med. 2018;379:1007-1016.  
 
59 Donnelly JP, Hanna M. Cardiac amyloidosis: An update on diagnosis and treatment. 
Cleve Clin J Med. 2017;84:12-26.  
 
60 Mankad AK, Shah KB. Transthyretin Cardiac Amyloidosis. Curr Cardiol Rep. 2017;19:97.  
 
61 Bennani Smires Y, Victor G, Ribes D, Berry M, Cognet T, Mejean S, et al. Pilot study for 
left ventricular imaging phenotype of patients over 65 years old with heart failure and 
preserved ejection fraction: the high prevalence of amyloid cardiomyopathy. Int J Cardiovasc 
Imaging 2016;32:1403-13. 
 
62 Gonzalez-Lopez E, Gallego-Delgado M, Guzzo-Merello G, de Haro-Del Moral FJ, Cobo-
Marcos M, Robles C, et al. Wild-type transthyretin amyloidosis as a cause of heart failure 
with preserved ejection fraction. Eur Heart J 2015;36:2585-94. 
 
63 Castano A, Narotsky DL, Hamid N, Khalique OK, Morgenstern R, DeLuca A, et al. 
Unveiling transthyretin cardiac amyloidosis and its predictors among elderly patients with 
severe aortic stenosis undergoing transcatheter aortic valve replacement. Eur Heart J 
2017;38:2879-87. 
 
64 Singh V, Falk R, Di Carli MF, Kijewski M, Rapezzi C, Dorbala S. State-of-the-art 
radionuclide imaging in cardiac transthyretin amyloidosis. J Nucl Cardiol. 2019;26:158-173.  
 
65 Gillmore JD, Maurer MS, Falk RH, Merlini G, Damy T, Dispenzieri A, Wechalekar AD, 
Berk JL, Quarta CC, Grogan M, Lachmann HJ, Bokhari S, Castano A, Dorbala S, Johnson 
GB, Glaudemans AW, Rezk T, Fontana M, Palladini G, Milani P, Guidalotti PL, Flatman K, 
Lane T, Vonberg FW, Whelan CJ, Moon JC, Ruberg FL, Miller EJ, Hutt DF, Hazenberg BP, 
Rapezzi C, Hawkins PN. Nonbiopsy Diagnosis of Cardiac Transthyretin Amyloidosis. 
Circulation. 2016;133:2404-12. 
 
66 Judge DP, Falk RH, Maurer MS, Shah SJ, Witteles RM, Grogan M, Selby VN, Jacoby D, 
Hanna M, Nativi-Nicolau J, Patel J, Rao S, Sinha U, Turtle CW, Fox JC, Heitner SB. 
Transthyretin Stabilization by AG10 in Symptomatic Transthyretin Amyloid Cardiomyopathy. 
J Am Coll Cardiol. 2019. pii: S0735-1097(19)33920-8.  
 
67 Zannad F, Anker SD, Byra WM, Cleland JGF, Fu M, Gheorghiade M, Lam CSP, Mehra 
MR, Neaton JD, Nessel CC, Spiro TE, van Veldhuisen DJ, Greenberg B; COMMANDER HF 
Investigators. Rivaroxaban in Patients with Heart Failure, Sinus Rhythm, and Coronary 
Disease. N Engl J Med. 2018;379:1332-1342. 
 
68 Greenberg B, Neaton JD, Anker SD, Byra WM, Cleland JGF, Deng H, Fu M, La Police 
DA, Lam CSP, Mehra MR, Nessel CC, Spiro TE, van Veldhuisen DJ, Vanden Boom CM, 
Zannad F. Association of Rivaroxaban With Thromboembolic Events in Patients With Heart 
Failure, Coronary Disease, and Sinus Rhythm: A Post Hoc Analysis of the COMMANDER HF 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
                                                                                                                                                        
Trial. JAMA Cardiol. 2019. [Epub ahead of print]. 
 
69 Kelley R. Branch, Jeffrey L. Probstfield, John W. Eikelboom, Jackie Bosch, Aldo P. 
Maggioni, Richard Cheng, Deepak L. Bhatt, Alvaro Avezum, Keith A. A. Fox, Stuart J. 
Connolly, Olga Shestakovska, Salim Yusuf. Rivaroxaban With 1 or Without Aspirin in 
Patients with Heart Failure and Chronic Coronary or Peripheral Artery Disease: The 
COMPASS Trial. Circulation 2019 (in press) 
 
70 Komajda M, Böhm M, Borer JS, Ford I, Tavazzi L, Pannaux M, Swedberg K. Incremental 
benefit of drug therapies for chronic heart failure with reduced ejection fraction: a network 
meta-analysis. Eur J Heart Fail. 2018;20:1315-1322.  
 
71 Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, Clement DL, Coca 
A, de Simone G, Dominiczak A, Kahan T, Mahfoud F, Redon J, Ruilope L, Zanchetti A, 
Kerins M, Kjeldsen SE, Kreutz R, Laurent S, Lip GYH, McManus R, Narkiewicz K, 
Ruschitzka F, Schmieder RE, Shlyakhto E, Tsioufis C, Aboyans V, Desormais 
I; ESC Scientific Document Group2018 ESC/ESH. Guidelines for the management of arterial 
hypertension. Eur Heart J. 2018;39:3021-3104.  
 
72 Komajda M, Cowie MR, Tavazzi L, Ponikowski P, Anker SD, Filippatos GS; QUALIFY 
Investigators. Physicians' guideline adherence is associated with better prognosis in 
outpatients with heart failure with reduced ejection fraction: the QUALIFY international 
registry. Eur J Heart Fail. 2017;19:1414-1423. 
 
73 Ouwerkerk W, Voors AA, Anker SD, Cleland JG, Dickstein K, Filippatos G, van der Harst 
P, Hillege HL, Lang CC, Ter Maaten JM, Ng LL, Ponikowski P, Samani NJ, van Veldhuisen 
DJ, Zannad F, Metra M, Zwinderman AH. Determinants and clinical outcome of uptitration of 
ACE-inhibitors and beta-blockers in patients with heart failure: a prospective European study. 
Eur Heart J. 2017;38:1883-1890.  
 
74 Crespo-Leiro MG, Metra M, Lund LH, Milicic D, Costanzo MR, Filippatos G, Gustafsson F, 
Tsui S, Barge-Caballero E, De Jonge N, Frigerio M, Hamdan R, Hasin T, Hülsmann M, 
Nalbantgil S, Potena L, Bauersachs J, Gkouziouta A, Ruhparwar A, Ristic AD, 
Straburzynska-Migaj E, McDonagh T, Seferovic P, Ruschitzka F. Advanced heart failure: a 
position statement of the Heart Failure Association of the European Society of Cardiology. 
Eur J Heart Fail. 2018;20:1505-1535. 
 
75 Køber L, Thune JJ, Nielsen JC, Haarbo J, Videbæk L, Korup E, Jensen G, Hildebrandt P, 
Steffensen FH, Bruun NE, Eiskjær H, Brandes A, Thøgersen AM, Gustafsson F, Egstrup K, 
Videbæk R, Hassager C, Svendsen JH, Høfsten DE, Torp-Pedersen C, Pehrson S; DANISH 
Investigators. Defibrillator Implantation in Patients with Nonischemic Systolic Heart Failure. N 
Engl J Med. 2016;375:1221-30.  
 
76 Shen L, Jhund PS, Petrie MC, Claggett BL, Barlera S, Cleland JGF, Dargie HJ, Granger 
CB, Kjekshus J, Køber L, Latini R, Maggioni AP, Packer M, Pitt B, Solomon SD, Swedberg 
K, Tavazzi L, Wikstrand J, Zannad F, Zile MR, McMurray JJV. Declining Risk of Sudden 
Death in Heart Failure. N Engl J Med. 2017;377:41-51.  
 
77 Olgin JE, Pletcher MJ, Vittinghoff E, Wranicz J, Malik R, Morin DP, Zweibel S, Buxton AE, 
Elayi CS, Chung EH, Rashba E, Borggrefe M, Hue TF, Maguire C, Lin F, Simon JA, Hulley 
S, Lee BK; VEST Investigators. Wearable Cardioverter-Defibrillator after Myocardial 
Infarction. N Engl J Med. 2018;379:1205-1215. 
 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
                                                                                                                                                        
78 Kotecha D, Flather MD, Altman DG, Holmes J, Rosano G, Wikstrand J, Packer M, Coats 
AJS, Manzano L, Böhm M, van Veldhuisen DJ, Andersson B, Wedel H, von Lueder TG, 
Rigby AS, Hjalmarson Å, Kjekshus J, Cleland JGF; Beta-Blockers in Heart Failure 
Collaborative Group. Heart Rate and Rhythm and the Benefit of Beta-Blockers in 
Patients With Heart Failure. J Am Coll Cardiol. 2017;69:2885-2896.  
 
79 Marrouche NF, Brachmann J, Andresen D, Siebels J, Boersma L, Jordaens L, Merkely B, 
Pokushalov E, Sanders P, Proff J, Schunkert H, Christ H, Vogt J, Bänsch D; CASTLE-AF 
Investigators. Catheter Ablation for Atrial Fibrillation with Heart Failure. N Engl J Med. 
2018;378:417-427. 
 
80 Packer DL, Mark DB, Robb RA, Monahan KH, Bahnson TD, Poole JE, Noseworthy PA, 
Rosenberg YD, Jeffries N, Mitchell LB, Flaker GC, Pokushalov E, Romanov A, Bunch TJ, 
Noelker G, Ardashev A, Revishvili A, Wilber DJ, Cappato R, Kuck KH, Hindricks G, Davies 
DW, Kowey PR, Naccarelli GV, Reiffel JA, Piccini JP, Silverstein AP, Al-Khalidi HR, Lee KL; 
CABANA Investigators. Effect of Catheter Ablation vs Antiarrhythmic Drug Therapy on 
Mortality, Stroke, Bleeding, and Cardiac Arrest Among Patients With Atrial Fibrillation: The 
CABANA Randomized Clinical Trial. JAMA. 2019. [Epub ahead of print] 
 
81 Mark DB, Anstrom KJ, Sheng S, Piccini JP, Baloch KN, Monahan KH, Daniels MR, 
Bahnson TD, Poole JE, Rosenberg Y, Lee KL, Packer DL; CABANA Investigators. Effect of 
Catheter Ablation vs Medical Therapy on Quality of Life Among Patients With Atrial 
Fibrillation: The CABANA Randomized Clinical Trial. JAMA. 2019.  [Epub ahead of print] 
 
82 Chen C, Zhou X, Zhu M, Chen S, Chen J, Cai H, Dai J, Xu X, Mao W. Catheter ablation 
versus medical therapy for patients with persistent atrial fibrillation: a systematic review and 
meta-analysis of evidence from randomized controlled trials. J Interv Card Electrophysiol. 
2018;52:9-18.  
 
83 Cleland JG, Keshavarzi F, Pellicori P, Dicken B. Case selection for cardiac 
resynchronization in atrial fibrillation. Heart Fail Clin. 2013;9:461-74.  
 
84 Brignole M, Pokushalov E, Pentimalli F, Palmisano P, Chieffo E, Occhetta E, Quartieri F, 
Calò L, Ungar A, Mont L; APAF-CRT Investigators. A randomized controlled trial of 
atrioventricular junction ablation and cardiac resynchronization therapy in patients with 
permanent atrial fibrillation and narrow QRS. Eur Heart J. 2018;39:3999-4008.  
 
85 Brignole M, Moya A, de Lange FJ, Deharo JC, Elliott PM, Fanciulli A, Fedorowski A, 
Furlan R, Kenny RA, Martín A, Probst V, Reed MJ, Rice CP, Sutton R, Ungar A, van Dijk JG; 
ESC Scientific Document Group. 2018 ESC Guidelines for the diagnosis and management of 
syncope. Eur Heart J. 2018;39:1883-1948. 
 
87 Stone GW, Lindenfeld J, Abraham WT, Kar S, Lim DS, Mishell JM, Whisenant B, 
Grayburn PA, Rinaldi M, Kapadia SR, Rajagopal V, Sarembock IJ, Brieke A, Marx SO, 
Cohen DJ, Weissman NJ, Mack MJ; COAPT Investigators. Transcatheter Mitral-Valve Repair 
in Patients with Heart Failure. N Engl J Med. 2018;379:2307-2318.  
 
88 Obadia JF, Messika-Zeitoun D, Leurent G, Iung B, Bonnet G, Piriou N, Lefèvre T, Piot C, 
Rouleau F, Carrié D, Nejjari M, Ohlmann P, Leclercq F, Saint Etienne C, Teiger E, Leroux L, 
Karam N, Michel N, Gilard M, Donal E, Trochu JN, Cormier B, Armoiry X, Boutitie F, 
Maucort-Boulch D, Barnel C, Samson G, Guerin P, Vahanian A, Mewton N; MITRA-FR 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
                                                                                                                                                        
Investigators. Percutaneous Repair or Medical Treatment for Secondary Mitral Regurgitation. 
N Engl J Med. 2018;379:2297-2306.  
 
89 Kang DH, Park SJ, Shin SH, Hong GR, Lee S, Kim MS, Yun SC, Song JM, Park SW, Kim 
JJ. Angiotensin Receptor Neprilysin Inhibitor for Functional Mitral Regurgitation. Circulation. 
2019;139:1354-1365. 
90 Cowie MR, Woehrle H, Wegscheider K, Angermann C, d'Ortho MP, Erdmann E, Levy P, 
Simonds AK, Somers VK, Zannad F, Teschler H. Adaptive Servo-Ventilation for Central 
Sleep Apnea in Systolic Heart Failure. N Engl J Med. 2015;373:1095-105.  
91 Costanzo MR, Ponikowski P, Javaheri S, Augostini R, Goldberg L, Holcomb R, Kao A, 
Khayat RN, Oldenburg O, Stellbrink C, Abraham WT; remedé System Pivotal Trial Study 
Group. Transvenous neurostimulation for central sleep apnoea: a randomised controlled trial. 
Lancet. 2016;388:974-82.  
92 Abraham WT, Kuck KH, Goldsmith RL, Lindenfeld J, Reddy VY, Carson PE, Mann DL, 
Saville B, Parise H, Chan R, Wiegn P, Hastings JL, Kaplan AJ, Edelmann F, Luthje L, 
Kahwash R, Tomassoni GF, Gutterman DD, Stagg A, Burkhoff D, Hasenfuß G. A 
Randomized Controlled Trial to Evaluate the Safety and Efficacy of Cardiac Contractility 
Modulation. JACC Heart Fail. 2018;6:874-883. 
93 Starling RC, Estep JD, Horstmanshof DA, Milano CA, Stehlik J, Shah KB, Bruckner BA, 
Lee S, Long JW, Selzman CH, Kasirajan V, Haas DC, Boyle AJ, Chuang J, Farrar DJ, 
Rogers JG; ROADMAP Study Investigators. Risk Assessment and Comparative 
Effectiveness of Left Ventricular Assist Device and Medical Management in Ambulatory 
Heart Failure Patients: The ROADMAP Study 2-Year Results. JACC Heart Fail. 2017;5:518-
527.  
94 Rogers JG, Pagani FD, Tatooles AJ, Bhat G, Slaughter MS, Birks EJ, Boyce SW, Najjar 
SS, Jeevanandam V, Anderson AS, Gregoric ID, Mallidi H, Leadley K, Aaronson KD, Frazier 
OH, Milano CA. Intrapericardial Left Ventricular Assist Device for Advanced Heart Failure. N 
Engl J Med. 2017;376:451-460.  
95 Mehra MR, Goldstein DJ, Uriel N, Cleveland JC Jr, Yuzefpolskaya M, Salerno C, Walsh 
MN, Milano CA, Patel CB, Ewald GA, Itoh A, Dean D, Krishnamoorthy A, Cotts WG, Tatooles 
AJ, Jorde UP, Bruckner BA, Estep JD, Jeevanandam V, Sayer G, Horstmanshof D, Long 
JW, Gulati S, Skipper ER, O'Connell JB, Heatley G, Sood P, Naka Y; MOMENTUM 3 
Investigators. Two-Year Outcomes with a Magnetically Levitated Cardiac Pump in Heart 
Failure. N Engl J Med. 2018;378:1386-1395.  
96 Van Spall HGC, Rahman T, Mytton O, Ramasundarahettige C, Ibrahim Q, Kabali C, 
Coppens M, Brian Haynes R, Connolly S. Comparative effectiveness of transitional care 
services in patients discharged from the hospital with heart failure: a systematic review and 
network meta-analysis. Eur J Heart Fail. 2017;19:1427-1443.  
97 Jonkman NH, Westland H, Groenwold RH, Ågren S, Atienza F, Blue L, Bruggink-André 
de la Porte PW, DeWalt DA, Hebert PL, Heisler M, Jaarsma T, Kempen GI, Leventhal ME, 
Lok DJ, Mårtensson J, Muñiz J, Otsu H, Peters-Klimm F, Rich MW, Riegel B, Strömberg A, 
Tsuyuki RT, van Veldhuisen DJ, Trappenburg JC, Schuurmans MJ, Hoes AW. Do Self-
Management Interventions Work in Patients With Heart Failure? An Individual Patient Data 
Meta-Analysis. Circulation. 2016 Mar 22;133:1189-98. 
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e
 
                                                                                                                                                        
98 Reduced Salt Intake for Heart Failure: A Systematic Review. Mahtani KR, Heneghan C, 
Onakpoya I, Tierney S, Aronson JK, Roberts N, Hobbs FDR, Nunan D. JAMA Intern Med. 
2018;178:1693-1700.  
99 Taylor RS, Walker S, Smart NA, Piepoli MF, Warren FC, Ciani O, O'Connor C, Whellan D, 
Keteyian SJ, Coats A, Davos CH, Dalal HM, Dracup K, Evangelista L, Jolly K, Myers J, 
McKelvie RS, Nilsson BB, Passino C, Witham MD, Yeh GY, Zwisler AO; ExTraMATCH II 
Collaboration. Impact of exercise-based cardiac rehabilitation in patients with heart failure 
(ExTraMATCH II) on mortality and hospitalisation: an individual patient data meta-analysis of 
randomised trials. Eur J Heart Fail. 2018;20:1735-1743.  
100 https://www.cochrane.org/CD003331/VASC_exercise-based-cardiac-rehabilitation-heart-
failure 
101 Lang CC, Smith K, Wingham J, Eyre V, Greaves CJ, Warren FC, Green C, Jolly K, Davis 
RC, Doherty PJ, Miles J, Britten N, Abraham C, Van Lingen R, Singh SJ, Paul K, Hillsdon M, 
Sadler S, Hayward C, Dalal HM, Taylor RS; REACH-HF investigators. A randomised 
controlled trial of a facilitated home-based rehabilitation intervention in patients with heart 
failure with preserved ejection fraction and their caregivers: the REACH-HFpEF Pilot Study. 
BMJ Open. 2018;8:e019649.  
102 Koehler F, Koehler K, Deckwart O, Prescher S, Wegscheider K, Kirwan BA, Winkler S, 
Vettorazzi E, Bruch L, Oeff M, Zugck C, Doerr G, Naegele H, Störk S, Butter C, Sechtem U, 
Angermann C, Gola G, Prondzinsky R, Edelmann F, Spethmann S, Schellong SM, Schulze 
PC, Bauersachs J, Wellge B, Schoebel C, Tajsic M, Dreger H, Anker SD, Stangl K. Efficacy 
of telemedical interventional management in patients with heart failure (TIM-HF2): a 
randomised, controlled, parallel-group, unmasked trial. Lancet. 2018;392:1047-1057.  
103 Inglis SC, Clark RA, Dierckx R, Prieto-Merino D, Cleland JG. Structured telephone 
support or non-invasive telemonitoring for patients with heart failure. Cochrane Database 
Syst Rev. 2015;CD007228.  
This article is protected by copyright. All rights reserved.
A
cc
ep
te
d 
A
rti
cl
e Table 1 
Eighteen Ongoing Randomised Trials of SGLT2-inhibitors in Patients with Heart Failure 
SGLT2 inhibitor Trial name Primary outcome Disease  N 
Empagliflozin EMPEROR-Preserved1 Time to first CV death or hospitalization for HF HFpEF ca. 5500 
Dapagliflozin DAPA-HF2 
Time to first CV death, hospitalization for HF, or 
urgent HF visit  
HFrEF 
4744 
Dapagliflozin DELIVER3 
Time to first occurrence of CV death, 
hospitalization for HF, urgent HF visit  
HFpEF 
ca. 4700 
Sotagliflozin SOLOIST-WHF4 Time to first CV death or hospitalization for HF HFrEF 4000 
Empagliflozin EMPEROR-Reduced5 Time to first CV death or hospitalization for HF HFrEF ca. 3350 
Dapagliflozin PRESERVED-HF6 Change of NT-proBNP HFpEF 320 
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e Empagliflozin EMPERIAL-reduced7 Change in 6-minute walk distance HFrEF 300 
Empagliflozin EMPERIAL-Preserved8 Change in 6-minute walk distance HFpEF 300 
Dapagliflozin DETERMINE-reduced9 Change in 6-minute walk distance HFrEF 300 
Dapagliflozin DETERMINE-preserved10 Change in 6-minute walk distance HFpEF 400 
Dapagliflozin DEFINE-HF11 Change of NT-proBNP HFrEF 263 
Empagliflozin Empire HF12 Change of NT-proBNP HFrEF 189 
Empagliflozin SUGAR13 Left Ventricular End Systolic Volume Index and  left ventricular global longitudinal strain 
HFrEF 130 
Ertugliflozin ERTU-GLS14 Global Longitudinal Strain  HF 120 
Empagliflozin NCT0375308715 Change in 6-minute walk distance HFpEF 100 
Empagliflozin NCT0333221216 Change in PCr/ATP ratio in the resting state HF 86 
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e Empagliflozin ELSI17 Skin sodium content  HFrEF 84 
Empagliflozin EMBRACE-HF18 Change in pulmonary artery diastolic pressure HF 60 
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Inclusion/exclusion criteria of the ATTR-ACT trial (copied from19) 
Exclusion Criteria:  
1. they had, in the opinion of the investigator, heart failure that was not due to 
transthyretin amyloid cardiomyopathy 
2. New York Heart Association (NYHA) class IV heart failure 
3. the presence of light-chain amyloidosis 
4. a history of liver or heart transplantation 
5. an implanted cardiac device 
6. previous treatment with tafamidis 
7. an estimated glomerular filtration rate lower than 25 ml per minute per 1.73 m2 of 
body-surface area 
8. liver transaminase levels exceeding two times the upper limit of the normal range.  
9. severe malnutrition as defined by a modified body-mass index (mBMI) of less than 
600 calculated as the serum albumin level in grams per liter multiplied by the 
conventional BMI (the weight in kilograms divided by the square of the height in 
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10. concurrent treatment with nonsteroidal antiinflammatory drugs, 
tauroursodeoxycholate, doxycycline, calcium-channel blockers, or digitalis. 
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Inclusion/exclusion criteria from the COAPT trial (copied from20) 
Inclusion criteria (all must be present) 
1.  Symptomatic secondary mitral regurgitation (3+or 4+ by independent 
echocardiographic core laboratory assessment) due to cardiomyopathy of either 
ischemic or non-ischemic etiology  
2.  Subject has been adequately treated per applicable standards, including for coronary 
artery disease, LV dysfunction, mitral regurgitation and heart failure 
3.  NYHA functional class II, III or ambulatory IV 
4.  Subject has had at least one hospitalization for heart failure in the 12 months prior to 
enrollmentand/or a corrected* BNP ≥300 pg/ml or a corrected NT-proBNP ≥1500 
pg/ml  
5.  Local heart team has determined that MV surgery will not be offered as a treatment 
option, even if the subject is randomized to the Control group 
6.  Left ventricular ejection fraction ≥20% and ≤50%. 
7.  Left ventricular end-systolic dimension ≤70 mm 
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implanting investigator can be successfully be treated by the MitraClip (if a secondary 
jet exists, it must be considered clinically insignificant) 
9.  CK-MB obtained within prior 14 days is less than thelocal laboratory ULN  
10.  Transseptal catheterization and femoral vein access is feasible per the MitraClip 
implanting investigator 
11.  Age 18 years or older 
12.  Subject or guardian agrees to all provisions of the protocol, including the possibility of 
randomization to the Control group and returning for all required post-procedure 
follow-up visits, and has provided written informed consent  
 
Exclusion criteria (all must be absent)  
1.  Untreated clinically significant coronary artery disease requiring revascularization 
2.  CABG, PCI or TAVR within the prior 30 days  
3.  Aortic or tricuspid valve disease requiring surgery or transcatheter intervention 
4.  COPD requiring continuous home oxygen therapy or chronic outpatient oral steroid 
use 
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6.  Severe symptomatic carotid stenosis (>70% by ultrasound) 
7.  Carotid surgery or stenting within prior 30 days 
8.  ACC/AHA stage D heart failure 
9.  Presence of any of the following: Estimated PASP >70 mm Hg assessed by site 
based on echocardiography or right heart catheterization, unless active vasodilator 
therapy in the cath lab is able to reduce the 12PVR to <3 Wood Units or between 3 
and 4.5Wood Units with v wave less than twice the mean of the PCWP•Hypertrophic 
cardiomyopathy, restrictive cardiomyopathy, constrictive pericarditis, or any other 
structural heart disease causing heart failure other than dilated cardiomyopathy of 
either ischemic or non-ischemic etiology•Infiltrative cardiomyopathies (e.g., 
amyloidosis, hemochromatosis, sarcoidosis) 
10.  Hemodynamic instability requiring inotropic support or mechanical heart assistance 
11.  Physical evidence of right-sided congestive heart failure with echocardiographic 
evidence of moderate or severe right ventricular dysfunction 
12.  Implant of CRT or CRT-D within the last 30 days  
13.  Mitral valve orifice area <4.0 cm2by site-assessed TTE 
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positioning on the leaflets or sufficient reduction in mitral regurgitationby the MitraClip. 
15.  Hemodynamic instability defined as systolic pressure < 90 mmHg with or without 
afterload reduction, cardiogenic shock or the need for inotropic support or intra-aortic 
balloon pump or other hemodynamic support device. 
16.  Need for emergent or urgent surgery for any reason or any planned cardiac surgery 
within the next 12 months. 
17.  Life expectancy <12 months due to non-cardiac conditions 
18.  Modified Rankin Scale ≥4 disability. 
19.  Status 1 heart transplant or prior orthotopic heart transplantation 
20.  Prior mitral valve leaflet surgery or any currently implanted prosthetic mitral valve, or 
any prior transcatheter mitral valve procedure. 
21.  Echocardiographic evidence of intracardiac mass, thrombus or vegetation 
22.  Active endocarditis or active rheumatic heart disease or leaflets degenerated from 
rheumatic disease (i.e., noncompliant, perforated) 
23.  Active infections requiring current antibiotic therapy 
24.  Transesophageal echocardiography (TEE) is contraindicated or high risk 
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adequately managed medically 
26.  Pregnant or planning pregnancy within next 12 months 
27.  Currently participating in an investigational drug or another device study that has not 
reached its primary endpoint. 
28.  Subject belongs to a vulnerable population or has any disorder that compromises 
his/her ability to give written informed consent and/or to comply with study 
procedures*“Corrected” refers to a 4% reduction in the BNP or NT-proBNP cutoff for 
every increase of 1 kg/m2in body mass index above a reference of 20 kg/m2). 
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